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ABSTRACT 


Th*'  Sikorsky  Finite  Element  Airframe  Vibration  Analysis  (Fran/Vibra¬ 
tion  Analysis)  *.as  beer,  found  to  correlate  well  with  data  taken  in  shake  tests 
of  the  Ch-fjA.  The  frequencies  of  fundamental  fuselage  bei.ding  ana  transmis¬ 
sion  modes  were  predicted  by  the  FRAII /Vibration  Analyses  to  an  average  accuracy 
of  three  percent.  In  addition,  the  mode  shapes  wore  defined  accurately. 

Dyne-tie  modeling  techniques  have  been  developed  that  are  applicable 
,0  all  finite  element  dynamic  analyses.  These  include:  selection  of  static 
and  dynamic  degrees  cf  freedom,  cockpit  structural  modeling  extent  of  flexible 
frame  modeling  in  ts.e  transmission  support  region,  and  sub-structuring  of  the 
dyr.ami  1  model . 

A  modular  approach  to  modeling  has  been  introduced  in  which  subdivi¬ 
sions  of  tr.e  aircraft  are  modeled  individually.  Applying  this  modular  approach 
to  the  r HAD /Vibrs tier  analysis  permits  accurate  predictions  of  significant 
una'  ges  ir.  the  character  and  frequency  of  fuselage  and  transmission  modes  due 
to  changes  in  mass  distribution  and  structural  characteristics. 

The  modeling  techniques  and  analysis  used  in  this  study  can  be  ap¬ 
plies  during  helicopter  design  and  during  evaluation  of  growth  versions  of  cur¬ 
rent  aircraft.  These  techniques,  in  combination  with  an  accurate  definition  of 
the  vehicle’s  structural  characteristics,  will  enable  accurate  prediction  of  all 
transmission  ana  fuselage  modes  for  a  vehicle  without  a  cargo  ramp. 

-t  is  rcccmmer.aed  that  full-scale  shake  tests  and  correlation  should 
bo  continued  to  improve  modeling  techniques  for  fuselages  that  include  cargo 
ramps  uni  for  such  items  as  the  main  rotor,  main  rotor  shaft,  tail  pylon  and 
Jr onsor.s .  Upon  completion ,  a  correlation  between  predicted  CH-53A  tn-flight 
vibration  levels  and  data  recorded  during  the  I.’ASC  supported  CH-53A  rotor  loads 
program  should  be  nerforrod.  Tt  is  further  recommended  that  an  integrated 
structure,  design  system  coupling  stress  ar.d  dynamic  analyses  be  developed  to 
provide  tr.e  cosigner  with  the  structural  details  required  for  vibration  analy¬ 
sis  and  control  early  ir.  the  helicopter  design  process. 
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1.0  INTRODUCTION 

Helicopter  vibration  and  resulting  aircraft  vibratory  stress  can 
lead  to  costly  schedule  slippages  as  well  as  field  service  maintenance  and 
aircraft  availability  problems.  At  the  core  of  vibration  control  technology 
is  the  requirement  to  rapidly  and  accurately  design  the  helicopter  structure 
so  that  its  response  ’.o -rotor  excitations  is  minimized. 

The  helicopter  is  a  complex  structure  consisting  of  sections  which 
differ  considerably  in  structural  arrangement  and  load  carrying  requirements. 
These  ir elude  the  cockpit,  cabin,  tail  cone  and  tail  rotor  pylon.  In  addi¬ 
tion,  large  fuselage  cut-outs  and  concentrated  masses  such  as  the  transmission, 
main  rotor  and  ta*l  rotor* which  are  unique  to  helicopters  play  a  major  role  in 
controlling  vibrations.  .  . 

The  complexity  of  the  helicopter  structure,  combined  with  increasing¬ 
ly  stringent  mission  and  vibration  control  requirements,  demands  the  develop¬ 
ment  of  airframe  structural  vibration  analyses  which  can  be  rapidly  and  eco¬ 
nomically  used  to  evaluate  and  eliminate  vibration  and  airframe  stress  prob¬ 
lems  during  the  preliminary  design  phase  of  helicopters. 

Although  detailed  analytical  methods  based  on  finite  element  tech¬ 
niques  have  been  developed  for  studying  .tl e  vibratory  characteristics  of 
complex  structures,  a  detailed  correlation  of  such  methods  with  test  data  is 
not  available  in  the  general  literature.  Further,  little  or  no  information  is 
available  as  to  the  accuracy  of  various  modeling  assumptions  which  might  be 
made  to  reduce  the  cost  and  time  of  applying  the  vibration  analysis. 
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2.0  OBJECTIVES 

The, objective  of  this  investigation  was  to  use  the  Sikorsky  Finite  Ele¬ 
ment  Vibration  Analysis  (FRAN /Vibration  Analysis)  to: 

(a)  Determine  the  accuracy  of  the  FRAN /Vibration  analysis  in  predicting 
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3 .0  CONCLUSIONS  AMD  RECOMMENDATIONS 


3.1  Conclusions 


3.1.1  Correlation 


a)  The  FRAN /Vibration  Analysis  can  accurately  predict  the 
frequencies  and  mode  shapes  of  complex,  helicopter  struc¬ 
tures  provided  that  the  structural  data  base  required  for 
the  analysis  is  accurately  defined. 

b)  The  analysis  provided  excellent  prediction  of  the  trans¬ 
mission  and  fuselage  modes  which  were  not  controlled  by 
the  rear  cargo  ramp  cut-out. 

c)  Less  satisfactory  correlation  of  higher  frequency  ramp  - 
controlled  modes  is  attributed  to  limitations  in  the  avail¬ 
able  number  of  dynamic  degrees  of  freedom  in  i'le  current 
version  of  the  program  and  the  method  of  testing  employed, 
which  did  not  adequately  decouple  higher  frequency  modes. 

d)  Significant  changes  in  the  character  and  frequency  of 
fuselage  and  transmission  modes  due  to  changes  in  mass 
distributions  and  structural  characteristics  can  be  pre¬ 
dicted  accurately. 


3.1.2  Modeling 


a)  No  degradation  in  accuracy  results  from  selecting  static 
degrees  of  freedom  which  are  based  upon  a  structural 
model  that  contains  lumped  stringers  numbering  one-half 
the  actual  number  of  stringers. 

b)  No  more  than  sixteen  dynamic  degrees  of  freedom  on  each 
flexible  frame  are  required  for  dynamic  model ing, 

c)  Prediction  of  airframe  modes  is  insensitive  to  modeling 
of  the  cockpit  and  forward  fuselage  structural  stiffness. 

d)  A  flexible  frame  representation  of  te  transmission  sup¬ 
port  region  extending  about  1. 5  transmis si  on  lengths  for¬ 
ward  and  aft  of  the  corresponding  transmission  supports 

is  adequate  for  predicting  fuselage  and  transmission  modes 
of  a  vehicle  without  a  rear  -cargo  ramp  cut-out. 

e)  Predictions  for  a  vehicle  with  a  rear  cargo  ramp  require 
a  mathematical  model  that  includes  a  flexible  frame 
representation  spanning  about  1. 5  transmission  lengths 
forward  of  the  transmission  supports  through  and  including 
the  rear  cargo  ramp  cut-out. 
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U.O  Description  of  Analysis  (continued) 


The  PPFRAN  program  is  a  stiffness  method  finite  element  analysis  which 
is  primarily  designed  for  application  to  single  cell  semi-monocoque 
structures,  typical  of  a  helicopter  fuselage.  The  program  is  based  upon 
the  IBM/MIT  Structural  Analysis  program  FRAN  (Reference  No.  1  )  which  is 
a  finite  element  procedure  originally  designed  for  application  of  civil 
engineering  framed  structures.  It  is  limited  to  two  types  of  elements 
namely  bars  and  rods.  Subrequently,  FRAN  has  been  further  developed  by 
Sikorsky  Aircraft  for  application  to  airframe  stressed  skin  structures. 

This  development  consists  of  the  addition  of  Pre  and  Post  operative 
procedures  linked  to  FRAN.  In  the  pre-operative  procedure  routine  (Pre-FRAN), 
the  fuselage  skin  is  transformed  inoo  an  equivalent  framed  structure,  and 
all  input  data  is  reassembled  in  terms  of  this  structure  into  the  FRAN  input 
format.  The  "equivalent  frame"  model  is  based  upon  an  equivalent  internal 
energy  criterion. 

In  order  to  analyze  a  stressed  skin  structure  by  use  of  FRAN,  the 
skin  panels  must  first  be  transformed  into  equivalent  rod  elements.  The 
transformation  which  simulates  the  fuselage  skin  by  diagonal  rods  is 
developed  by  satisfying  the  criterion  that  the  internal  energy  of  the  skin 
structure  tv.der  a  given  set  of  loads  is  the  same  as  that  of  the  transformed 
structure  under  the  same  set  of  loads. 

Consider  the  panel  with  its  frming  members  shown  in  Figure  2 
subjected  to  an  arbitrary  set  of  loads  at  its  node  points.  Certain  of 
these  loads  may  be  regarded  as  reactions,  the  rest  as  producing  deflections 
relative  to  these  reactions.  Considering  P6  through  P8  as  reactions,  the 
interne!,  strain  energy  (U)  of  the  structure  can  be  expressed  in  terms  of 
loads  Pi  through  P5  and  the  physical  properties  of  the  structure. 

Replacing  the  skin  panel  by  diagonal  rod  elements,  the  transformed 
structure  is  also  3hown  in  Figure  ?.  Considering  the  reactions  and 
applied  loads  to  be  the  same  as  on  the  original  skin  panel  and  assuming 
the  loads  in  the  diagonal  rods  to  be  equal  and  opposite,  the  internal 
energy  of  the  framed  structure  (U)  may  again  be  expressed  in  terms  of 
the  applied  loads  and  the  physical  properties  of  the  structure. 


The  two  energy  expressions  are : 

u  *  ’sjjf]  [a,  jJM 
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!*.()  DESCRIPTION  OP  ANALYSIS 


A  study  of  shukf  test  data  recorded  at  Sikorsky  Aircraft  indicates  that 
the  natural  modes  of  vibration  of  u  helicopter  may  be  categorized  in  te  ms  of 

(i)  Modes  controlled  by  overall  fuselage  characteristics 
and 

(?)  Modes  controlled  by  the  transmission  support  structure's  characteristics 

The  Sikorsky  Airframe  Vibration  Analysis  places  special  emphasis  on  accurate¬ 
ly  defining  the  transmission  modes.  Their  frequencies  are  generally  in  proxim¬ 
ity  to  li/Rev  (blade  passage  frequency)  and  therefore  play  a  principal  role  in 
controlling  the  vibration  environment.  Consequently,  the  mathematical  modeling 
of  the  transmission  area  will  contain  the  greatest  detail. 

The  transmission  support  controlled  modes  car.  be  classified  as  vertical, 
pitch  and  roll  and  are  principally  controlled  by  the  flexibility  cf  the  struc¬ 
ture  in  the  transmission  support  region.  This  region  has  the  following  pro¬ 
perties: 

a)  Its  principal  structure,  frames,  have  the  major  effect  or.  transmission 
modes . 

b)  It  carries  large  concentrated  loads  generated  by  the  transmission, 
rotor  head,  engines,  upcn*or.s  and  cargo. 

c)  Its  vibratory  motion  is  characterized  by  elastic  deformation  of  the 
frame  envelope  or  periphery. 

The  overall  helicopter  structure  is  therefore  modeled  utilizing  two  basic 
modules : 

1)  The  center  section  or  transmission  support  region. 

2)  a.  The  for /ard  fuselage  and  cockpit 
b.  The  aft  fuselage  and  tail. 

Each  of  these  nodules  has  unique  physical  properties.  The  mathematical  model, 
utilizing  a  modular  approach  permits  the  use  of  different  representations  for 
each  substructure . 

The  center  section  is  modeled  in  the  greatest  detail  through  the  applica¬ 
tion  of  the  PPFRAN  program.  The  model  cf  the  center  section  is  assumed  to  be 
supported  at  the  transmission  tie  down  points,  the  end  frames  are  assumed  to 
be  rigid  so  that  the  motion  of  these  frames  can  be  described  at  a  single  point 
in  :he  plane  of  the  frame  ar.d  can  be  utilized  tc?  marry  this  section  of  the 
fuselage  to  the  remaining  modules.  All  influence  cotlficients  are  computed 
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U.O  DESCRIPTION  OF  ANALYSIS  (continued) 

relative  to  the  support  points.  Their  use  in  performing  the  dynamic  analysis 
will  be  discussed  below. 

The  structural  characteristics  of  the  remaining  modules  are  derived  from 
beam  theory.  The  model  of  the  aft  and  forward  modules  are  cantilevered  at 
the  respective  forward  and  't  ends  of  the  transmission  support  region.  Addi¬ 
tional  internal  cantilever  points  can  be  utilized  to  divide  these  modules  into 
smaller  sub-structures.  Ail  influence  coefficients  are  computed  relative  to 
the  next  cantilever  point  or  relative  support  point.  The  greater  the  number  of 
relative  support  points  or  sub-structures,  the  less  the  coupling  that  exists 
within  the  influence  coefficient  matrix.  This  provides  for  reduced  input, 
greater  ease  of  error  checking,  and  facilitates  modifications  to  local  struc¬ 
tural  properties  with  minimum  modification  to  the  influence  coefficient  matrix. 
Sub-structuring  in  this  manner  also  facilitates  the  addition  of  appendages 
since  only  the  influence  coefficients  relative  to  the  attachment  point  of  the 
appendage  are  required.  An  example  of  this  sub-structure  method  and  its  effect 
on  the  band  width  of  the  influence  coefficient  matrix  is  illustrated  in 
Figure  1. 

Thus  the  PPFRAN  program  is  utilized  to  define  the  influence  coefficients  of 
the  center  section  relative  to  the  transmission  supports  and  beam  theory  is 
applied  to  define  the  influence  coefficients  of  all  remaining  substructures 
relative  to  their  individual  supports.  The  200  degree  of  Freedom  F.-ee  Vibration 
analysis  then  combines  these  influence  coefficients,  the  mass  distribution  and 
appropriate  coordinate  transformations  to  determine  the  free  vibration  charac¬ 
teristics  of  the  structure. 
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U.O  Description  of  Analysis  (continued) 


The  PPFRAN  program  is  a  stiffness  method  finite  element  analysis  which 
is  primarily  designed  for  application  to  single  cell  semi-monocoqiue 
structures,  typical  of  a  helicopter  fuselage.  The  program  is  based  upon 
the  IBM/MIT  Structural  Analysis  program  FRAN  (Reference  No.  1  )  which  is 
a  finite  element  procedure  originally  designed  for  application  of  civil 
engineering  framed  structures.  It  is  limited  to  two  types  of  elements 
namely  bars  and  rods.  Subrequently,  FRAN  has  been  further  developed  by 
Sikorsky  Aircraft  for  application  to  airframe  stressed  skin  structures. 

This  development  consists  of  the  addition  of  Pre  and  Post  operative 
procedures  linked  to  FRAN.  In  the  pre-operative  procedure  routine  (Pre-FRAN), 
the  fuselage  skin  is  transformed  inco  an  equivalent  framed  structure,  and 
all  input  data  is  reassembled  in  terms  of  this  structure  into  the  FRAN  input 
format.  The  "equivalent  frame"  model  is  based  upon  an  equivalent  internal 
energy  criterion. 

In  order  to  analyze  a  stressed  skin  structure  by  use  of  FRAN,  the 
skin  panels  must  first  be  transformed  into  equivalent  rod  elements.  The 
transformation  which  simulates  the  fuselage  skin  by  diagonal  rods  is 
developed  by  satisfying  the  criterion  that  the  internal  energy  of  the  skin 
structure  ivr.der  a  given  set  of  loads  is  the  same  as  that  of  the  transformed 
structure  under  the  same  set  of  loads. 

Consider  the  panel  with  its  f riming  members  shown  in  Figure  2 
subjected  to  an  arbitrary  set  of  loads  at  its  node  points.  Certain  of 
these  loads  may  be  regarded  as  reactions,  the  rest  as  producing  deflections 
relative  to  these  reactions.  Considering  P6  through  P8  as  reactions,  the 
interna.1,  strain  energy  (U)  of  the  structure  can  be  expressed  in  terms  of 
loads  Pi  through  P5  and  the  physical  prooerties  of  the  structure. 

Replacing  the  skin  panel  by  diagonal  rod  elements,  the  transformed 
structure  is  also  3hown  in  Figure  ?.  Considering  the  reactions  and 
applied  loads  to  be  the  same  as  on  the  original  skin  panel  and  assuming 
the  loads  in  the  diagonal  rods  to  be  equal  and  opposite,  the  internal 
energy  of  the  framed  structure  (U)  may  again  be  expressed  in  terms  of 
the  applied  loads  and  the  physical  properties  of  the  structure. 

The  two  energy  expressions  are : 

« ■ 
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Influence  coefficients  of  original  structure.  Displacement 
at  Pi  relative  to  the  chosen  reactions  due  to  a  unit  load 
at  P,}  . 

and  Influence  coefficients  of  transformed  structure  relative 

to  reaction  loads . 
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U.O  Description  of  Analysis  (continued) 
Equating  these  energies  we  obtain: 


A'  =  2L^  ~  cross  sectional  area  of  each  diagonal. 

V 


where: 


V  -  hdeE  +  £_  (  _1  +  J1  )  +£_  (  _i  +  _1  ) 


t  G 


A3 


/  2  .2 

=  Ve  +  a 


and 


Ay  =  A 
1  1 

4  *  As 

A3  =  A3 
AU  =  AI» 


Utilizing  the  above  transformation,  the  fuselage  skins  are  replaced  by  the 
diagonal  rod  elements,  each  of  area  At,  other  framing  members  remaining  un¬ 
changed.  This  transformation  provides  the  structure  which  is  analysed  by  FRAN. 

The  post-operative  routine  (Post-FRAN)  interprets  the  results  of  the  FRAN 
analysis  in  terms  of  the  original  stressed  skin  structure  and  can  provide  mem¬ 
ber  and  nanel  loads  and  stresses  as  well  as  the  influence  coefficient  matrix 
required  for  dynamic  analysis.  This  influence  coefficient  matrix  is  the  in¬ 
verse  of  the  reduced  stiffness  matrix  utilized  in  the  dynamic  analysis  con¬ 
tained  within  recently  developed  general  purpose  finite  element  analyses. 

The  complete  package  (PPFRAN)  is  fully  automated  and  operational.  It  has 
been  successfully  correlated  against  static  test  data  to  demons  .ate,  the 
programs  ability  to  accurately  predict  stresses  and  influence  coefficients  for 
an  aircraft  fuselage  type  structure  (Reference  No.  2). 
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4.0  Description  of  Analysis  (Continued) 


As  d« scribed  previously,  all  influence  coefficients  are  defined  in  a 
relative  coordinate  system.  This  procedure  is  utilised  since  the  Influence 
coefficient  matrix  of  a  free-free  structure,  a  helicopter  in' flight,  does 
not  exist.  The  proof  that  this  matrix  does  not  exist  is  quite  simple. 

The  stiffness  matrix  of  a  free-free  structure  i3  singular,  the  inver*e 
of  any  singular  matrix  doe3  not  exist.  The  motions  of  the  structure  in 
its  free  modes  of  vibration  are  desired  in  absolute  coordinates  and  thus 
the  mass  matrix  of  the  structure  being  analyzed  is  defined  in  an  absolute 
coordinate  system.  The  two  coordinate  systems  can  be  related  through  a 
simple  geometric  transformation  matrix.  These  three  matrices;  Relative 
Influence  Coefficients,  Absolute  Mass  and  Coordinate  Transformation  are 
all  thet  is  Required  by  the  Vibration  Analysis.  Consider  the  following 
example  of  the  free-free  vibrations  of  a  beam. 


ABSOLUTE 
COORDINATES  Y 


RELATIVE 
tOORDMATES  X 


JLJL 


J- 


fa 

IsJSl 

L 

a 

L  . 

f  RELATIVE  i 

CANTILEVER 

RELATIVE 

CANTILEVER 

The  last  numbered  coordinates  are  defined  as  the  ignorable  coordinates.  It 
is  assumed  that  the  absolute  and  relative  motion  of  the  ignorable  coordinates 
are  identical.  Thus  the  relations: 


and 


In  the  case  of  a  complete  helicopter  analysis  the  ignorable  coordinates 
are  the  six  degrees  of  freedom  located  at  the  center  of  the  base  of  the 
transmission . 
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U.O  Description  of  Analysis  (Continued) 

The  relative  influence  coefficient  matrix  of  the  sample  structure  is 


H  - 


123U5678 


X  X 
X  X 


X  X  X'X 
X  X  X  X 
X  X  X  X 
X  X  X  X 


The  maos  matrix  for  absolute  degrees  of  freedom  1-8  are  defined  as 
the  appropriate  veJLues  of  masses  and  moments  of  inertia.  Thi3  matrix  is 
therefore  diagonal . 


The  absolute  motions  can  then  be  defined  in  terms  of  relative  motions 
by  the  following  equations . 

Y, 


«X,+  X3  +  X7  +  X^  +  X*  (0,+  $2+  03  ) 
y2  =x2  +  x4  +  x8 
y3  =x3  +  x7  +  x8($,+  U  ) 
y4  =x4+x8 
y3  =x5  +  x7  +  x84| 


‘6 

y7 


=  x8  +  x8 

-X, 


Y8  =x8 

Thus  the  absolute  motions  are  defined  in  terms  of  the  relative  motions  by 
the  transformation  equations. 
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U.O  Description  of  Analysis  (Continued) 

The  free-free  equations  of  motion  in  absolute  coordinates  are  defined 
by  the  equations  of  motion. 


The  kinetic  energy  of  the  structure  in  absolute  and  relative  coordinates 
must  be  identical.  Thus, 

+H  Htt-  *{*}'[-]« 

where is  the  mass  matrix  in  relative  coordinates.  Applying  the 
transformation  equation  M-MM  the  following  is  obtained. 

iff  H{*} 


Thus , 


H  -  HT  WH 


The  relative  stiffness  matrix!  “J  Is  defined  as  follows: 


M=-o-!v 
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U.O  Description  of  Analysis  (Continued.) 

The  matrix  K  is  the  relative  stiffness  matrix  of  sill  coordinates  other 
than  the  ignorables.  The  partitioned  zero  elements  correspond  io  toe 
ignorable  coordinates  themselves.  All  coordinate  motions  are  taken  relative 
to  the  ignorables.  An  element  of  the  stiffness  matrix  is  defined  as  a 
force  required  to  produce  a  unit  displacement  at  the  particular  degree 
of  freedom,  all  other  motions  held  to  zero.  The  ignorable  coordinates 
can  move  while  all  other  motions  relative  to  it  are  held  to  zero,  through 
rigid  body  motion.  The  force  required  to  produce  a  unit  of  rigid  body 
motipn  in  a  free-free  structure  must  be  zero.  Since  the  displacement 
of  these  coordinates  does  not  contribute  to  the  internal  potential 
energy,  the  terminology,  ignorable,  is  .justified. 

The  equations  of  motion  in  relative  coordinates  are  then  written  in  the 
following  format: 


[m]{x}  +  [K']{x}  =  0 


Partitioning  the  relative  from  the  ignorable  coordinates  the  following  is 
obtained:  .  1  _ 

f  0  *  lrX.i  .  I  k  10  fXR\=n 


H{*fMs]{4=° 


From  above. 


[k]  '[a-0S'V]{^}  +  {xl)=  0 


and 
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5.0  TEST  APPARATUS  AND  INSTRUMENTATION 


5.1  Apparatus 

The  ground  test  facility  employed  to  establish  the  dynamic  characteristics 
of\the  test  vehicle  consists  of  a  bungee  suspension  system  to  simulate  a 
free-free- condition  *  a  rotorhead  mounted  unidirectional  shaker  and  the 
Sikorsky  shake  test  instrumentation  console  (Figures  3  and  4).  Hydraulic 
power  supplies  are  provided  to  operate  the  shaker  and  to  raise  the  aircraft 
from  its  cradle  to  the  test  position. 

The  flexibility  of  the  bungee  suspension  system,  (Figure  3)  is  such 
that  all  rigid  body  vehicle  modes  are  below  1HZ  and  are  therefore  isolated 
from  excitations  in  the  frequency  range  of  interest. 

The  shaker  consists  of  two  counter  rotating  eccentric  masses  with 
adjustable  unbalance  which  provide  a  unidirectional  sinusoidal  excitation 
whose  magnitude  is  proportional  to  the  square  of  the  rotational  speed.  . 

The  shaker  can  produce  a  maximum  excitation  force  of  2000  lbs.  up  to  40  HZ. 

The  shaker  is  driven  by  a  commercial  pump  with  a  manually  operated  bypass 
valve  to  adjust  speed. 

A  steel  shaker  plate  attached  to  the  top  of  the  transmission  housing 
(Figure  3)  serves  as  a  mounting  surface  for  the  shaker,  provides  attachment 
points  for  the  bungee  suspension  system  and  is  used  to  mount  ballast  to 
vary  the  mass  and  moment  of  inertia  of  the  transmission /simulated  rotorhead. 

5.2  Instrumentation 


Instrumentation  consists  of  14  fixed  and  10  roving  accelerometers. 
The  fixed  accelerometer  locations  and  their  orientations  are: 


LOCATION 

Pilot 

Copilot 

Cockpit 

Shaker 

Shaker  Mounting  Plate 
Shaker  Mounting  Plate 
FS  322  Top  Center  Line 
FS  322  Top  Center  Line 
FS  342  Right  Side  XSSN 
FS  342  Left  Side  XSSN 
FS  362  Top  Center  Line 
FS  362  Top  Center  Line 
FS  744  Tail  Fold  Hinge 
FS  744  Tail  Fold  Hinge 


DIRECTION 

Vertical 

Vertical 

Lateral 

Direction  of  Shaker  Force 

Lateral 

Longitudinal 

Laterfd 

Vertical 

Vertical 

Vertical 

Lateral 

Vertical 

Vertical 

Lateral 
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5.2  Instrumentation  (Continued) 

All  accelerometer  signals  and  the  reference  1/Rev.  shaker  contactor 
signal  are  transmitted  to  the  Sikorsky  shake  test  instrumentation  console. 
The  signals  are  processed  automatically  by  the  console  resulting  in  a 
calculation  of  the  real  and  imaginary  part  of  the  accelerations.  The 
accelerations  are  then  normalized  to  the  magnitude  of  the  shaker  force  per 
shaft  at  the  particular  frequency.  As  frequency  is  varied.,  the  resulting 
response  of  each  accelerometer  is  recorded  on  a  XYY'  plotter,  (Figure  4) 
as  g's/1000  lbs.  versus  frequency. 

A  fuselage  mode  can  be  identified  by  a  peak  in  the  imaginary  response 
and  a  simultaneous  zero  crossing  of  the  real  response  (Figure  5)  Once 
a  mode  is  located,  all  imaginary  responses  at  this  frequency  can  be  recorded 
to  define  the  mode  shape. 
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6.0  CORRELATION  STUDY  -  PHASE  I 


6.1  Testing 

6.1.1  Configuration 


The  test  article  is  a  stripped  down  version  of  the  CH-53A.  Appendages 
removed  include: 


Tail  pylon  aft  of  the  folc  hinge 
Horizontal  stabilizer 
Tail  rotor 

Tail  rotor  and  intermediate  gear  box 
Non-structural  cargo  ramp  door 
Fuel  and  landing  gear  sponsons 
Main  and  nose  landing  gear 
Electrical  and  hydraulic  systems 
Engines 

Main  transmission  gears  and  rotor  shaft 
Photographs  of  the  test  article  are  shown  in  Figures  6  through  9. 


Hardware  required  for  the  shake  test  including  the  shaker  mounting 
plate  and  unidirectional  hydraulic  snaker  described  in  Section  5.0  are 
installed . 


6.1.2  Test  Results 


Shake  tests  are  performed  in  accordance  with  the  procedure  described  in 
Section  5,  Test  Facilities  and  Procedures.  The  following  modes  are  identified. 
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Mode 

Frequency  (CPM) 

1st  Lateral  Bending 

910 

; 

1st  Vertical 

Bending 

1155 

1 

Transmission 

Pitch 

1U90 

5 

2nd  Vertical 

Bending 

1950 

1 

Transmission 

Roll 

2000 

i 

Transmission 

Vertical 

2150 

Torsion 

2300 

i 
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6.2  Vehicle  Basic  Data 
6.2.1  Structural  Arrangement 

The  vehicle  utilized  for  this  test  and  correlation  study  is  the  CH-53A 
Tie  Down  Aircraft,  vehicle  designation  number  6l3.  An  overall  general 
arrangement  of  the  structure  is  illustrated  in  Figure  10.  For  the  purpose 
of  this  study,  all  appendages  are  removed.  These  include  the  nose  gear, 
main  landing  gear,  main  landing  gear  sponsons,  fuel  sponsons,  tail  pylon  aft 
of  the  fold  hinge,  tail  rotor  and  associated  gear  boxes,  horizontal  stabilizer 
and  all  remaining  electrical  and  hydraulic  systems.  All  gears  are  removed 
from  the  main  transmission  housing,  and  only  the  housing  itself  is  retained 
for  the  test  configuration.  f:«e  remaining  aluminum  serai -monocoque  structure 
consists  of  five  nodules:  the  cockpit  from  F.S.  100-162  (Figure  11),  the 
forward  cabin  F.S.  162-322  (Figure  12),  transmission  support  section 
F.S.  222-442  (Figure  13),  the  aft  cabin  F.S.  442-522  (Figure  14)  and  the 
ramp  area  F.S.  522-'r46  (Figure  15). 

Tne  primary  structure  of  the  cockpit  is  provided  by  two  f>ill  depth 
beams  at  B.L.  16.44  on  the  right  and  left  sides  of  the  fuselage.  The  upper 
flanges  of  the  fore  and  aft  ver‘ ical  beams  are  stabilized  by  a  cockpit  floor 
running  aft  to  the  cabin  bulkhead  at  F.S.  162. 

The  forward  cabin  section,  F.S.  162-322  contains  a  personnel  and 
rescue  door  on  the  right  side  F.S,  182-222,  a  24-inch  by  32-inch  escape 
hatch  on  the  left  side  F.S.  197-222  and  under  normal  op  »ratir.g  conditions 
supports  the  engines  and  engine  driven  gear  boxes.  The  transmission  is 
supported  by  two  main  frames  at  F.S.  322  and  362  which  are  connected  by 
two  longitudinal  beams  located  on  the  left  and  right  side  of  the  structure 
at  B.L,  20.  There  are  six  transmission  support  points,  two  at  each  of  the 
main  franrs  at  r.S.  322  and  362  and  one  on  each  of  the  longitudinal  bea^ 
at  F.S.  Two  major  framoc  are  contained  in  the  aft  cabin,  F.S.  442-522, 

the  lar.ajug  gear  frame,  F.S.  442  and  the  aft  cabin  frame  at  F.S.  522. 

The  aft  cabin  fuselage  frame  at  F.S.  522  serves  as  a  redistribution  and 
ramp  support  structure. 

The  aft  section  structure  extends  from  F.S.  522  to  the  tail  pylon 
fold  hinge  at  F.S.  7^6.  It  is  basically  an  inverted  channel  section  tapering 
from  F.S.  522-689*5 «  The  open  section  of  the  channel  is  filled  by  the  cargo 
and  personnel  ramp.  This  ramp  is  removed  for  this  program  due  to  its 
nonstructural  nature.  Aft  of  F.S.  612  a  complete  torque  box  exsits  back  to 
the  pylon  fold  hinge  at  F.S.  7k6.  A  heavy  closure  member  along  each  edge 
of  the  cargo  door  serves  as  a  hardpoint  for  the  door  seal  -*nd  the  major 
axial  members. 
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6.2.2  Structural  Properties 


6. 2. 2.1  Stringer?  and  Panels 


The  cabin  geometry  from  fuselage  stations  162  through  station  522  is 
of  constant  cross  section.  The  primary  axial  structure  consists  of  62 
stringers  spaced  about  the  circumference.  The  stringer  «*..•?  panel  designation 
numbers  and  a  tabulation  of  all  stringer  locations,  stringer  b-.eas  and  panel 
gages  are  defined  in  Figure  16  and  Tables  1  through  3 . 


The  ramp  area  from  F.S.  5^2-612  Initially  contains  1*6  stringers  at- 
F.S.  522  and  tapers  to  a  section  containing  3b  stringers  at  F.S.  612.  The 
stringer  and  panel  number  designation  for  this  section  of  fuselage  is 
illustrated  in  Figure  17.  The  actual  stringer  locations,  stringer  areas 
and  panel  gages  are  presented  in  Tables  1*.  through  8.  Included  in 

these  tables  are  the  fuselage  station  at  which  the  axial  members  end  due 
to  taper  in  the  structure . 


The  tail  cone  F.S.  612-746  contains  3b  stringers  at  F.S.  5l2  and  tapers 
to  a  2b  stringer  closed  section  at  F.S.  7b6.  The  stringer  designations 
are  defined  in  Figure  18  Where  a  stringer  is  not  effective  due  to  a  local 
cut  out  or  the  stringer  has  ended,  a  zero  is  indicated  for  the  appropriate 
area  in  the  tabulation  of  properties.  Tables  9  through  lb.  Thus  at 
F.S.  612  aft,  3b  total  stringers  are  indicated  although  areas  for  only 
31  are  defined.  Similarly  at  F.S.  ?b6  areas  are  defined  for  only  2b  of 
the  3b  indicated  stringers. 


6. 2. 2. 2  Frame  Properties  F.S.  262-bb2 


A  complete  compilation  of  frame  properties  is  presented  for  the  cabin 
from  fuselage  stations  262-bb2.  The  frame  element  designation  numbers  are 
defined  in  Figure  16  .  The  overall  frame  properties  are  generated  utilizing 
a  FORTRAN  computer  program  I CALC.  This  program  computes  the  section  area, 
neutral  axis  location,  and  moment  of  inertia  of  the  frame  section,  given 
dimensions  and  locations  of  the  individual  elements  which  comprise  the  frame 
section.  Representative  sections  normal  to  the  skin  line  are  examined 
beginning  at  B.L.  0.  at  the  top  of  the  rrame  and  proceeding  around  the 
frame  to  each  stringer  location.  Assumptions  utilized  in  calculating 
frame  properties  are; 

(1)  In  web  and  flenge  areas  where  large  holes  exist,  the  section 
is  taken  through  the  hole. 

(2)  Local  increases  in  flange  width  for  stringer  attachment,  small 
fittings  and  clips  for  longitudinal  members  are  not  included. 

(3)  Web  stiffners  are  not  included. 

(b)  Straps  and  attachments  running  several  inches  about  the 
circumference  are  included. 
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(5)  Materials  from  the  outer  cap  of  the  frame  to  the  skin  line  on 
floating  frames  are  neglected. 

(6)  Ho  skin  is  considered  to  be  contributing  to  the  frame  stiffness. 

(7)  All  material  at  major  splices  is  considered  effective. 

(8)  The  frames  are  assumed  to  be  capable  of  carrying  shew,  axial 
load  and  bending  in  the  plane  of  the  frame  only. 


A  tabulation  of  all  frame  and  beam  properties  from  F.S.  262-442  is 
presented  in  Tables  at  through  l6.  The  frame  properties  utilized  in 
the  finite  element  modeling  of  the  aft  fuselage  and  ramp  area  from 
F.S.  442-612  are  presented  in  section  6.6. 


6.2.3  Mass  Properties 


The  panel  point  lumped  mass  properties  of  the  structure  described  in 
Section  6.2.1  are  presented  in  Tabxe  17.  The  data  represents  the  total 
structural  mass  at  each  designated  panel  point  and  the  mass  moments  of 
inertia  about  each  of  the  three  principal  axes  of  rotation  at  the  specified 
location. 


The  only  appendages  on  the  structure  consist  of  the  transmission  housing 
3haker  adapter  plat-  and  2000  lb.  capacity  hydraulic  unidirectional  shaker. 
The  mass  properties  of  these  components  along  with  individual  center  of 
gravity  locations  are  presented  in  Table  10. 


To  provide  the  more  detailed  mass  data  required  for  dynamic  analyses 
utilizing  a  finite  element  (flexible  frame)  representation  of  fuselage 
sections,  a  detailed  distribution  of  masses  at  frame  stations  has  also  been 
generated.  This  data  is  presented  in  Figure  19. 


6.3  Six  Bay  Original  Degree  of  Freedom  Model 


6.3.1 


:3mic  Model 


The  initial  model  considers  the  cockpit  and  forward  fuselage  up  to 
F.S.  262  as  a  simple  beam  in  which  frame  deformation  is  neglected  (rigid 
frames).  The  transmission  section  from  F.S.  282-402  is  modeled  as  a 
detailed  flexible  frame  structure  utilizing  the  PPFRAN  program.  The  aft 
cabin  tz.d  ramp  area  from  F.S.  402-746  is  also  considered  as  a  beam.  Ifce 
frames  st  fuselage  stations  282  and  402  are  rigidized  so  that  the  motions 
of  these  end  frames  can  be  represented  by  rhe  six  degrees  of  freedom  at  a 
single  point  in  the  plane  of  eac':.  frame.  The  beam  models  of  the  forward 
and  aft  fuselage  are  married  to  the  finite  element  model  of  the  transmission 
section  at  these  points  through  compatibility  of  deflections  and  rotations. 
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6. 3.1.1  Dynamic  Degrees  of  Freedom 

The  dynamic  degrees  of  freedom  for  the  ncse  and  tail  beams  and  the 
ignorable  coordinates  (Section  4)  are  illustrated  in  Figure  20.  The 
cantilever  points  shown  in  this  figure  are  relative  support  points 
utilized  in  the  determination  of  structural  influence  coefficients. 

As  described  in  Section  4*  this  method  of  analysis  is  utilized  in  order  to 
minimize  the  coupling  between  influence  coefficients  and  also  to  provide 
the  capability  of  easily  modifying  the  structural  characteristics  of  any 
substructure  without  recalculating  the  total  influence  coefficient  matrix. 

The  typical  assignment  of  dynamic  degrees  of  freedom  to  individual 
frames  from  F.S.  302  through  and  including  F.S.  382  is  illustrated  in 
Figure  21.  a  typical  frame  assignment  is  24  degrees  of  freedom.  A 
single  lateral  degree  of  freedom  is  used  on  the  top  and  bottom  of  each 
frame  Mid  a  single  vertical  degree  of  freedom  is  utilized  on  each  side  of 
a  frame.  The  frames  are  quite  rigid  in  their  planes  as  far  as  axial  load 
is  concerned  and  thus  it  is  assumed  that  all  messes  on  the  top  of  a  frame 
wixl  move  laterally  simultaneously.  Similarly  it  is  assumed  that  all  masses 
on  the  sides  of  a  frame  will  move  in  the  vertical  direction  simultaneously. 

It  should  be  noted  that  no  degrees  of  freedom  are  assigned  to  the  top  of 
the  frames  at  F.S.  322,  342  and  362.  The  transmission,  considered  rigid 
in  comparison  to  the  fuselage  structure,  is  mounted  on  these  frames  and 
thus  all  masses  on  the  tops  of  these  frames  lumped  at  transmission  tiedown 
noints  sure  constrained  to  move  with  the  transmission.  Thus  the  masses 
normally  assigned  to  these  points  are  transferred  to  the  ignorable  coordinates 
(Figure  20),  which  represent  the  notion  of  the  center  of  the  base  of  the  trans 
mission  at  K.L.  191.  In  order  to  further  conserve  dynamic  degrees  o‘p  'reedon, 
the  mass  and  moments  of  inertia  of  the  transmission  housing,  shaker  plate  and 
shaker  are  also  transferred  to  the  ignorable  coordinates  through  a  rigid  body 
transformation.  The  numbering  and  locations  of  all  frame  degrees  of  freedom 
are  defined  in  Figuve  22. 

A  total  of  198  dynamic  degrees  of  freedom  are  selected,  102  on  flexible 
frames  and  the  remaining  96  distributed  among  beam  degrees  of  freedom  and 
the  ignorable  coordinates.  A  complete  list  of  the  magnitude  of  masses  for 
linear  degrees  of  freedom  and  moments  of  inertia  for  rotational  degrees  of 
freedom  is  provided  in  the  Mass  Matrix  of  Table  19. 

6. 3.1.2  Structural  Modeling 
6. 3.1. 2.1  Beam  Model 

The  total  section  beam  bending  properties  and  neutral  axis  locations 
for  the  nose  beams  from  F.S.  162-282  and  the  tail  beams  from  F.S.  402-744 
are  calculated  utilizing  the  Sikorsky  Shear  and  Bending  Analysis  Program 
(Y  019) .  All  fuselage  skin  is  assumed  to  be  fully  effective  fn  carrying 
compressive  loads  as  well  as  tensile  loads  due  to  the  absence  of  steady 
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6. 3. 1.2.1  Beam  Model  (Continued) 

applied  loads  of  magnitudes  sufficient  to  produce  compression  buckling. 
The  program  automatically  accounts  for  shear  lag  distribution  and  the 
resulting  effect  on  the  axial  load  carrying  effectiveness  of  stringers  in 
the  vicinity  of  cut-outs.  The  bending  properties  of  the  cockpit  are 
determined  by  a  manual  analysis  due  to  the  complexity  of  the  structure. 


Torsional  constants  for  all  beam  sections  except  th®  cockpit  forvard 
of  F.S.  162  and  the  open  ramp  area  between  F.S.  522  and  6l2  are  determined 
using  standard  strength  of  material  theory  for  closed  thin  wall  sections. 
The  equation  for  the  unit  torsional  displacement  of  a  beam  of  this  type  is: 

t  «*§• 

6  =  Equation  1  (Reference  3) 


where 


and 


Ai  *  the  area  swept  by  a  radius  from  the  shear  center  to  the  circum¬ 
ference  as  it  rotates  360°  (the  enclosed  area  of  the  section) 

t  *  the  skin  thickness 

ds  =  an  incremental  length  on  the  circumference 
G  *  is  the  shear  modulus  of  elasticity. 


The  value  of  Ai  for  each  closed  thin  wall  beam  section  is  developed  directly 
by  the  Sikorsky  Shear  and  Bending  Analysis  (Y  019).  However  a  number  of 
window  and  door  cutouts  exists  which  must  be  accounted  for  in  determining  the 
appropriate  shear  constants.  Since  these  cutouts  are  not  extensive  in 
nature,  the  torsional  stress  distribution  cannot  completely  change  from 
that  of  a  closed  to  a  completely  open  section  over  the  length  of  these 
cutouts.  In  order  to  properly  account  for  the  effect  of  these  cutouts 
a  finite  element  analysis  is  performed  on  a  single  cell  semi-moncoque  structure 
with  representative  dimensions  and  gages  in  which  cutouts  of  varying  size 
as  a  percentage  of  the  circumference  are  considered.  The  sample  structure 
is  a  three  bay  circular  structure  consisting  of  16  stringers  and  with  a 
nominal  skin  gage  of  .032  in.  The  torsional  rotation  across  the  bay  in 
which  the  cutout  exists  is  determined  from  the  finite  element  analysis 
and  then  substituted  in  equation  1. 


r, 

.  ds 

♦  ic' 

TL  l 

’  T 

tefl 

finite  element  IfA^2  G 
where  t c  =  circumferential  length  of  the  cutout 
teff  =  effect! *e  skin  gage 
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6. 3. 1.2.1  Bean  Model  (Continued) 

The  results  of  this  analysis  are  plotted  in  Figure  23.  Also  indicated  on 
this  figure  are  typical  cutouts  for  a  window,  door  and  heater  encountered 
on  the  test  aircraft. 


A  summary  of  the  beam  section  bending  and  torsional  properties  from  F.S. 
162  to  7UU  are  presented  in  Table  20.  As  seen  the  beam  properties  of  the 
cockpit  and  torsional  properties  of  the  ramp  area  are  not  presented  in  this 
table.  The  development  of  these  properties  is  discussed  below. 

The  ramp  area  from  fuselage  stations  522-162  is  an  inverted  channel 
section  which  tapers  in  depth  from  F.S.  522  to  F.S.  612  (Figure  15).  As 
stated  above  the  torsxonal  characteristics  of  the  structure  forward  and  aft 
of  this  area  are  established  by  applying  equation  1.  At  F.S.  522  it  is 
assumed  that  warping  of  plane  surfaces  produced  by  torsional  loading  is  com¬ 
pletely  restrained.  It  is  also  assumed  that  warping  of  plane  surfaces  due 
to  torsional  loading  is  completely  unrestrained  at  F.S.  612,  In  accordance 
with  Timoshenko  (Reference  3)  the  torsion  at  the  assumed  cantilever  end, 

F.S.  522,  is  reacted  by  differential  bending  of  the  flanges  as  shown  below. 


Actual  Assumed 

Shear  Distribution  Shear  Distribution 

Cantilever  End  of  Channel  Based  Upon  Airframe 

Under  Torsi in  Structures  Assumptions 

Shear  Distribution,  Cantilever 
End  of  Channel  Under 
Pure  Torsion 
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6.3. 1.2.1  Beam  Model  (Continued) 

As  we  proceed  towards  the  assumed  unrestrained  end  at  F.S,  6l2  ■'••he  shear 
distribution  changes  in  increments  until  it  takes  on  the  characteristics  of 
pure  torsion  of  an  open  thin  wall  section  with  free  ends. 


1311! 


u 


Fixed  End 
F.S.  522 


1 


Kid  Span 


Free  End 
F.S.  612 


mt 


Shear  Distribution  in  Flange  of  Channel 
Section  under  Torsion 


From  Timoshenko  (Reference  3)  the  rotation  at  any  distance  x  from  the 
fixed  end  due  to  a  torque  applied  at  the  free  end  s  given  by  Equation  2. 


9W  *  cj 


x  +  a  sinh 


l  -  x 


a  tanh  (— ) 
a 


cosh  — 
a 


Equation  2 


m 


The  rotation  at  the  free  end  is  defined  in  accordance  with  Equation  3. 


(e)  =  [l  -  l^ahn  ~  ]  Equation  3 
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6. 3.1. 2,1  Beam  Model  (Continued) 

Substituting  these  parameters  into  Equations  (2)  and  (3)  results  in  the 
following  relative  rotaticns  due  to  a  torque  of  10°  in. -lbs.  applied  at 
F.S.  612. 

86 12/522  =  .0025** 5  radians 
0567/522  -  .000795  radians 
0612/567  =  .00175  radians 

These  are  the  values  of  the  torsional  influence  coefficients  of  the  ramp 
from  P.S.  522-612  utilized  in  performing  the  dynamic  analysis  of  thi3  six 
bay  model . 

Tne  torsional  properties  of  the  c  ckpit  from  fuselage  station  108  to  162 
are  determined  using  the  same  method  a  applied  to  the  ramp  area.  The 
cockpit  is  assumed  to  be  cantilevered  *.  F.S.  162  with  the  free  end  at 
F.S.  108.  The  primary  structure  consists  of  the  floor  and  the  two  main 
longitudinal  beams  forming  a  channel.  (Reference  Section  6.2.1).  Average 
properties  for  this  section  of  fuselage  ere  defined  at  F.S.  113.  These 
are  defined  below. 

Average  Parameters  for  Cockpit  Torsicnaa.  Properties 


h  avg 

22.88  in. 

C  avg 

.0111 

D  avg 

80U.7U  x  10? 

*IZ  avg 

2984.72  in.1* 

t.  avg 

.036  in. 

b  avg 

34  in. 

t  avg 

.0685  in. 

e 

7.174  in. 

1  avg 
(tlanges ) 

604.74  in.1* 

*  Only  the  keel  beams  and  floor  web  are  considered  in  structure 
reacting  torsion. 

Substituting  the  appropriate  values  into  Equations  (2)  and  (3)  results  in 
a  rotation  of  the  free  end  at  F.S.  108  relative  to  the  fixed  end  at  F.S.  162 
due  to  a  torque  of  10^  in. -lbs.  of 

0108/162  =  .0109  radians 


Sikorsky  Aircraft 


U 

K 


REPORT  NO.  SER  651195 


6. 3.1. 2.1  Beam  Model  (Continued) 

The  total  section  bending  properties  at  F.S.  113  are  also  determined. 

In  determining  the  bending  properties  additional  axial  load  carrying  members 
beyond  the  material  assumed  to  be  reacting  torsion  is  considered.  The 
resulting  beam  bending  properties  are: 

Iz  =  14524  in> 

I  *  3004  in.1* 

y 

6. 3.1. 2 .2  Flexible  Frame  Model 

Two  finite  element  flexible  frame  models  are  considered  for  the  region 
between  F.S.  282  and  402.  A  thirty  stringer  model  (Figure  24)  and  a  sixty 
stringer  model  (Figure  25).  These  schematics  are  developed  by  the  PPFRAN 
computer  program  and  are  used  for  input  error  checks.  The  basic  stringer 
skin  and  frame  properties  of  the  fuselage  are  presented  in  Section  6.2. 

The  input  to  the  PPFRAN  program  requires  that  the  axial  load  carrying 
capability  of  the  ■'kin  be  lumped  at  the  stringer  locations.  The  location 
and  properties  of  the  combined  stringer/skin  axial  areas  for  both  the  30 
and  60  stringer  models  are  presented  in  Table  21  and  22.  In  addition  the 
averaged  frame  properties  for  the  30  stringer  model  are  presented  in  Table 
23.  The  frame  properties  are  the  average  values  between  stringer  locations. 
The  finite  element  assumption  for  beam  elements  in  the  PPFRAN  program 
requires  that  members  possess  constant  properties  between  Joints.  T^e 
tvnical  location  of  stringer,  panel  and  frame  elements  in  the  30  stringer 
model  is  illustrated  in  Figure  26. 

6.3.2  Results  and  Correlation 

As  described  in  Section  6.1,  seven  modes  of  vibration  are  identified 
by  the  shake  test.  These  are: 

Mode  Test  Frequency 

1st  Lateral  Bending  910 

1st  Vertical  Bending  1155 

Transmission  Pitch  1490 

2nd  Vertical  Bending  1950 

Transmission  Roll  ‘  2000 

Transmission  Vertical  2150 

Torsion  2300 
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6,3.2  Results  and  Correlation  (Continued) 

The  node  shapes  corresponding  to  these  frequencies  are  illustrated  in 
Figures  27  through  33*  The  results  of  the  six  bay  thirty  stringer  analysis 
and  the  six  bay  sixty  stringer  analysis  are  virtually  identical.  These 
mode  shapes  and  frequencies  are  also  presented  in  Figures  27  through  33. 

A  complete  discussion  of  the  correlation  between  test  and  analysis  follows. 

First  Lateral  Bending  Mode 

.The  test  frequency  is  910  cpm.  Analysis  predicts  the  mode  at  1440  cpm, 
which  is  50£  too  stiff.  Initial  examination  of  the  analytical  mode  shape 
is  limited  to  the  average  mid-height  lateral  response  {Figure  27)  due  to 
its  consistency  with  the  beam  modeling  utilized  in  the  nose  and  tail.  Rie 
tail  to  nose  displacement  ratio  in  test  is  1.5  as  compared  to  1.7  obtained 
in  analysis.  f.  comparison  of  node  locations  indicates  those  in  test  occurring 
at  F.S.  270  and  500  while  analysis  predicts  the  nodes  at  F.S.  250  and  530. 

The  dilemma  as  to  the  wide  discrepancy  in  frequencies  is  answered  by 
examining  the  lateral  motion  on  the  top  and  bottom  of  the  fuselage  in 
analysis  as  compared  to  test  (Figure  27).  The  test  data  indicates  a 
large  amount  of  relative  shear  occurr-'  ->g  between  the  top  and  bottom  of 
the  fuselage  beyond  F.S.  300.  This  <.  ^cteristic  appears  to  be  con¬ 
trolled  by  the  large  cut-out  in  the  rituy  area.  The  analysis  cannot 
predict  this  response  due  to  the  beam  modeling  utilized  beyond  F.S.  402. 
Therefore  it  is  concluded  that  an  extension  of  the  flexible  frame  model 
into  the  ramp  area  is  required  in  order  to  accurately  predict  this  mode. 

First  Vertical  Bending  Mode 

Excellent  correlation  is  achieved  between  the  analytically  predicted 
mode  at  1241  cpm  and  the  test  mode  at  1150  cpm  (Figure  28).  Shape  pre¬ 
diction  is  also  excellent  with  amplitudes  comparing  within  10%  and  nodes 
predicted  within  10  inches  of  those  obtained  during  the  tests. 

Transmission.  Pitch  Mode 

Shake  tests  identify  this  mode  at  I490  cpm  and  analysis  predicts 
the  node  at  1758  cpm  (Figure  29)*  Node  locations  are  in  good  agreement 
and  the  abserce  of  any  aft  fuselage  motion  is  accurately  predicted. 

It  is  considered  that  a  major  reason  for  the  higher  predicted  natural 
frequency  is  the  proximity  of  the  "rigid"  end  frames  at  F.S.  282  and  402 
to  the  frames  which  exhibit  the  greatest  amount  of  distortion  in  this  mode. 

It  should  be  noted  that  the  floor  at  WL  97  exhibited  negligible  vertical 
motion  in  this  mode.  It  is  concluded  that  analysis  considering  nine  bays 
in  the  region  of  the  transmission  area  F.S.  262-442  may  provide  improved 
correlation  of  this  mode. 
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Second  Vertical  Bending  Mode 

The  frequency  correlation  of  this  node  is  quite  poor.  The  test 
value  ir.  1950  cpm  while  analysis  predicts  the  mode  at  2573  cpm  (Figure  30). 
The  tail  to  nose  displacement  ratio  exhibits  a  25  percent  variance,  test 
indicating  a  ratio  of  U.U  to  1.0  while  analysis  predicts  5.5  to  1.0.  Node 
locations  are  not  predicted  as  well  as  the  first  vertical  bending  mode  with 
a  variance  of  up  to  100  inches.  As  is  the  case  with  the  first  lateral 
bending  mode,  the  analytical  prediction  of  tnis  mode  is  strongly  controlled 
by  modeling  of  the  ramp  area.  Again  it  is  concluded  that  a  flexible  frame 
model  extending  into  the  ramp  area  may  serve  to  mprove  the  correlation. 

Transmission  Roll  Mode 


A  U5  percent  difference  exists  between  the  test  natural  frequency 
of  2000  cpm  and  the  predicted  natural  frequency  289U  cpm  (Figure  31). 
Torsional  nodes  at  F.S.  200  and  1^0  compare  favorably  to  the  predicted 
however  differences  in  location  of  up  to  130  inches  are  found.  The 
correlation  again  is  considered  poor  and  is  attributed  to  lack  of  detail 
in  the  modeling  of  the  ramp  area. 

Transmission  Vertical  Mode 

Although  this  mode  is  identified  as  the  transmission  vertical  mode  its 
character  appears  to  be  controlled  by  the  ramp  area.  This  mode  is  not  pre¬ 
dicted  analytically  (Figure  32),  due  to  the  absence  of  finite  element  modeling 
in  this  portion  of  the  fuselage. 

Torsion  Mode 

The  correlation  of  frequency,  2300  cpm  in  test  as  compared  to  2^5 
cpm  through  analysis  (Figure  33)  is  good.  However,  the  comparison  of 
mode  shapes  indicates  that  the  frequency  comparison  may  be  fortuitious. 

The  torsion  node  is  in  error  by  lUc  inches  while  lateral  response  comparisions 
are  poor.  The  lack  of  correlation  is  agaii  attributed  to  th«_  absence  of  a 
finite  element  model  in  the  ramp  area 

6.U  Six  Fay  Reduced  Degrees  of  Freedom  Model 
6.U.1  Dynamic  Model 

As  stated  in  Section  U  the  Sikorsky  free  vibration  analysis  is  limited 
to  200  dynamic  degrees  of  freedom.  In  order  to  extend  the  analysis  to 
include  a  finite  element  description  of  the  structure  in  the  aft  fuselage  and 
ramp  area,  the  number  of  dynamic  degrees  of  freedom  assigned  to  each  flexiole 
frame  must  be  reduced  in  order  to  remain  within  the  program's  limits. 

Prior  to  extending  the  flexible  frame  modeling  of  the  structure,  a 
sensitivity  study  is  performed  on  the  six  bay  30  stringer  model  (Section  6.3) 
to  determine  the  effect  of  reducing  dynamic  degrees  of  freedom  assigned  to 
individual  frames  on  the  degree  of  correlation. 
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6.U.1.1  Dynamic  Degrees  of  Freedom 

The  selected  degrees  of  freedom  for  the  six  bay  reduced  degree  of 
freedom  model  are  illustrated  in  Figures  3k  and  35  .  The  dynamic 
degrees  of  freedom  assigned  to  each  typical  frame  are  reduced  from  2k  to  16. 
The  locations  of  frame  degrees  of  freedom  are  illustrated  in  Figure  36. 

The  mass  matrix  corresponding  to  this  dynamic  model  is  presented  n 
Table  ?’U. 

6.U.2  Results  and  Correlation 


The  predicted  natural  frequencies  and  mc.de  shapes  obtained  from  the 
reduced  degree  of  freedom  model  are  identical  to  those  obtained  from  the 
original  model.  It  is  therefore  concluded  that  the  fr.me  degree  of  freedom 
assignment  of  Figure  36  is  adequate  for  dyramie  modeling. 

6.5  Nine  Bay  Analysis 

6.5.1  Dynamic  Model 

As  a  result  of  the  V  percent  difference  between  the  analytical  frequency 
obtained  for  the  transmission  pitch  mode  in  the  six  bay  analysis,  and  that 
obtained  in  test ,  the  model  was  extended  in  the  region  of  the  transmission 
area.  In  the  discussion  of  Section  6.3  it  is  noted  that  considerable  frame 
deformation  exists  in  this  mode  in  the  frames  adjacent  to  F.S.  282  and 
F.S.  h20  which  are  assumed  to  be  rigid.  Therefore,  the  finite  element 
model  of  the  transmission  area  is  extended  one  bay  forward  to  F.S.  262 
and  two  bays  aft  of  F.S.  Uk2,  resulting  in  the  subject  nine  bay  flexible 
frame  model.  The  frames  at  F.S.  262  and  kk2  are  assumed  to  be  rigid  in 
this  analysis.  A  schematic  of  the  flexible  frame  portion  of  the  structure 
developed  from  the  input  data  to  the  PPFRAN  program  is  illustrated  in 
Figure  37. 

6. 5. 1.1  Dynamic  Degrees  of  Freedom 

The  assignment  of  dynamic  degrees  of  freedom  for  this  model  is  presented 
in  Figures  38  and  39.  The  corresponding  mass  matrix  is  defined  by  Table  25. 

During  the  course  of  this  analyses  an  additional  sensitivity  study  was 
performed  in  which  the  stiffness  of  the  structure  in  the  cockpit  was  varied 
by  20  percent. 
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6.5.2  Results  and  Correlation 


The  resulting  mode  shapes  are  found  to  be  essentially  identical  to 
those  obtained  from  the  six  bay  analysis.  Further,  little  change  in 
predicated  frequency  is  obtained  as  seen  below. 

FREQUENCY  (CPM) 


MODE 

6  BAY 
ANALYSIS 

9  3AY 

SOFT  NOS” 

9  BAY 

STIFF  NOSE 

1st  Lateral 

1440 

1466 

1473 

1st  Vertical 

l~4l 

1282 

1284 

XSSN  Pitch 

1758 

1710 

1715 

2nd  Vertical 

2577 

2390 

2390 

XSSN  Roll 

2894 

2870 

2870 

XSSN  Vertical 

— 

— — 

Torsion 

2445 

2428 

2428 

'  As  a  result  of  this  analysis  the  following  conclusions  are  reached. 

(1)  The  dynamic  characteristics  of  helicopter  structures  of  the  CH-53 
type  are  insensitive  to  modeling  assumptions  applied  to  the  cockpit. 

(2)  For  a  vehicle  without  a  cargo  ramp,  the  length  of  the  flexible 
frame  modeling  of  the  structure  in  the  transmission  area  should 
be  determined  as  follows : 

The  flexible  frame  model  should  extend  about,  1.5  times  the  length  of 
the  transmission  base  in  the  forward  and  aft  directions  from  the 
corresponding  transmission  supports. 

A  more  extensive  analysis  will  produce  no  improvement  in  prediction 
of  transmission  modes. 

6.6  Eighteen  Bay  Model 
6.6.1  Dynamic  Model 

The  correlation  of  Section  6.3  indicates  that  an  extension  of  the 
finite  element  model  to  include  the  aft  fuselage  is  required  to  accurately 
predict  the  modes  controlled  by  this  portion  of  the  fuselage.  The  flexible 
frame  finite  element  model  utilized  spans  fuselage  from  F.S.  262  -  F.S.  632. 
However,  due  to  the  limitations  of  the  PPFRAN  program  (Section  4)  this 
section  of  the  model  is  divided  into  two  major  substructures ;  a  nine  bay 
model  from  F.S.  262-442  which  is  identical  to  that  utilized  in  the  analysis 
of  Section  6.5  and  a  second  nine  bay  structure  from  F.S.  442-632.  As  is  the 
case  in  the  analysis  of  Section  6.5,  the  structure  from  F.S.  262-442  is 
supported  at  the  main  transmission  mounting  points  The  substructure  module 
from  F.S.  442-632  is  cantilevered  at  F.S.  442-  Both  the  frames  at  F.S.  442 
and  632  are  assumed  rigid. 
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6. 6. 1.1  Dynamic  Degrees  of  Freedom 


The  dynamic  model  applied  in  this  analysis  is  illustrated  in  Figures 
•*0  and  Ul .  Due  to  the  limitation  of  2<">Q  dynamic  degrees  of  freedom,  frame 
degree  of  freedom  assignments  in  the  fuselage  beyond  F.S.  1*02  are  limited 
to  F.S.  !j82,  522  and  567.  However,  the  flexibility  *>f  this  structure  is 
defined  by  the  complete  structure.  The  definition  of  the  frame  dynamic 
degree  of  freedom  locations  is  presented  in  Figure  36.  The  corresponding 
mass  matrix  is  provided  in  Table  26. 


6. 6. 1.2  Structure  modeling 


All  structural  data  for  •‘he  nose  beam  forward  of  F.S.  262,  the  tail 
beam  aft  of  F.S.  632  and  the  forward  finite  element  model,  F.S.  262-1*1+2, 
are  defined  in  Sections  6.3  and  6.1*. 


A  schematic  of  the  nine  bay  finite  element  model  utilized  from 
F.S.  1*1*2-632  is  presented  in  Figure  1*2.  The  stringer  locations  at 
V.S.  1*1*2  correspond  to  those  ir.  the  nine  bay  model  of  the  structure  from 
F.S.  262-1*1*2  (Figure  37).  All  dashed  elements  represent  dummy  members  of 
zero  area  which  are  required  by  the  Pre-FhAII  program,  due  to  its  inherent 
design  for  application  to  single  celled  closed  sections.  These  dummy 
elements  are  removed  automatically  prior  to  analysis  by  the  mam  core  of 
the  PPFRAN  program,  namely  FRAN.  A  development  of  this  structural  model 
is  shown  in  Figure  1*3  in  which  all  joints  are  identified  in  accordance  with 
the  format  of  the  Pre-FRAN  program.  Even  units  correspond  to  the  hay,  odd 
unit  designations  define  frames.  It  should  be  noted  that  each  bay  contains 
the  same  number  of  strirgers,  even  though  stringers  actually  terminate  in  the 
ramp  due  to  taper.  This  requirement  of  equal  stringers  in  each  bay  is  a 
fixed  logic  in  Pre-FRAN.  Stringer  areas  are  adjusted  accordingly  in  the 
modeling.  A  tabulation  of  all  member  properties  skin  gages  ar.d  joint  loca¬ 
tions  for  this  model  is  presented  in  Table  27. 


As  described  in  Section  1* ,  the  Pre-FRAN  program  transforms  all  skin 
panels  into  pairs  of  rod  diagonals.  In  addition  it  transforms  the  resulting 
member  end  jcint  data  into  the  format  required  for  input  to  the  FRAN  program. 
The  ?r  -AN  program  is  not  designed  to  accommodate  a  number  of  character- 
is'. i  jiitained  in  this  structure  at  F.S.  6l2  and  632  namely;  a  bulkhead 

at  r.J.  612  and  the  fact  that  the  structure  in  this  region  not  actually 
a  single  closed  cell  but  has  a  shear  deck  extending  horizontally  from 
stringer  6-26  and  ears  on  each  side  of  the  fuselage  from  stringer  21-26 
on  the  left  side  and  6-11  on  the  right  side.  To  accommodate  these  features 
the  basic  structure  defined  by  Figure  1*2  is  transformed  by  Pre-FRAN. 
Punched  cards  are  obtained  and  members  are  added  and  deleted  manually  as 
required.  A  description  of  this  procedure  follows. 
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t.6.1,2  Structural  Modeling  (Continued) 

Members  Reiiov^d 

20  -  21,  11  -  12 

50  -  51,  4l  -  1*2 

Panels  Removed 

20,  21,  50,  51 
11,  12,  Ul,  42 

Members  Added 

6-12 
20  -  26 
36  -  42 
50  -  56 


Area  (In2) 

,256 

.256 

.168 

.168 


Manual  Modeling  F.S.  612  and  632 
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6. 6 .1,2  Structural  Modeling  (Continued) 


In  addition  to  adding  the  members  described  above,  the  appropriate 
rod  elements  to  represent  panels  20,  26,  50,  56  and  6,  12,  36,  42  are 
developed  utilizing  the  panel  transformation  formulas  of  Section  4, 

The  resulting  areas  of  these  equivalent  rods  for  panels  having  a  thickness 
of  .043  inches  are: 


Member 


Area  (In2) 


12,  36 

.389 

6,  42 

.389 

20,  56 

.390 

26,  50 

.390 

612  is 

illustrated  bel 

:  - 


VIEW  FORWARD 
Eulk'.«ead  at  F.SJ,  6l? 
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The  thickness  of  all  panels  in  this  bulkhead  is  .025  inches.  The 
properties  of  circumferential  frame  elements  is  defined  in  Tabic  27 . 
The  areas  of  vertical  stiffeners  are: 


Member 

Area  (In2) 

50  -  57 

.082 

49  -  58 

.071 

48  -  59 

.235 

47  -  60 

.0895 

46  -  31 

.044 

45  -  32 

.0895 

44  -  33 

.246 

43  -  34 

.071 

42  -  35 

.082 

The  panels  are  transformed  utilized  the  equations  described  in 
Section  4.  The  resulting  rod  elements  vhich  replace  the  skin  panels  in 
the  bulkhead  at  P.S.  612  are: 


Member 

Area  (In2) 

31,  47 

.137 

31,  45 

.137 

46,  60 

.137 

32,  46 

.137 

48,  60 

•  2'i6 

32,  44 

.2^6 

47,  59 

.236 

33,  45 

.236 

48,  58 

.180 

33,  43 

.180 

48,  59 

.180 

39,  44 

,180 

49,  57 

.145 

34,  42 

.145 

50,  58 

.148 

35,  43 

.148 

6.6.2  Results  and  Correlation 

The  analytically  predicted  mode  shapes  and  natural  frequencies  are 
compared  to  those  generated  from  the  test  data  in  Figures  44  through  49. 

As  expected,  the  extension  of  the  finite  element  model  into  the  cargo  ramp 
area  produced  a  significant  improvement  in  correlation.  A  thorough  evalu¬ 
ation  of  modes  in  which  discrepancies  between  test  and  analysis  still  exist 
follows . 
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6.6.2  Results  and  Correlation  (Continued) 

First  Lateral  Bending  Mode 

A  substantial  improvement  in  both  inode  shape  and  frequency  is  achieved 
However,  the  frequency  remains  33  percent  higher  than  the  test  value. 

It  appears  that  the  frequency  of  this  bending  mode  is  affected  by  the 
presence  of  the  "rigid"  frame  at  F.S.  Uh2.  Test  indicates  that  the 
relative  lateral  shear  between  the  top  and  bottom  of  the  fuselage  initiates 
forward  of  F.S.  UU2.  However,  due  to  the  rigidity  of  this  frame,  the 
analysis  only  permits  this  same  motion  aft  of  F.S.  Ul»2.  It  ii  concluded 
that  removal  of  this  rigidity  would  lower  the  predicted  frequency  and 
improve  the  mode  shape  correlation  by  permitting  increased  relative 
lateral  shear  deformation  in  the  aft  fuselage.  However,  the  structure 
analyzed  tends  to  be  overly  sensitive  to  modeling  assumptions  such  as 
this  and  correlation  with  a  structure  having  a  more  realistic  mass 
distribution  would  prove  to  be  less  sensitive. 

Transmission  Pitch  Mode 

The  predicted  frequency  of  tne  transmission  pitch  mode  (Figure  hC) 
is  still  too  high.  It  is  concluded  that  the  absence  of  a  realistic  mass 
distribution  has  made  the  analysis  overly  sensitive  to  the  beam  modeling 
assumption  in  the  forward  fuselage.  Test  (Figure  U6)  indicates  that  only 
the  top  of  the  forward  fuselage  has  substantial  motion  in  this  mode, 
rather  than  the  entire  forward  fuselage  as  constrained  by  the  beam  model 
in  the  analysis.  The  accuracy  of  predicting  this  mode  will  improve  if 
the  full  mass  of  the  transmission  were  present  to  more  closely  simulate 
the  actual  aircraft,  and  reduce  the  sensitivity  of  this  mode  to  local 
beam  modeling  assumptions.  Extension  of  the  flexible  frame  model 
through  the  cargo  ramp  does  not  affect  this  mode  due  to  the  lack  of 
activity  in  the  aft  fuselage. 

High  Frequency  Modes 

The  three  high  frequency  modes.  Transmission  Vertical.  Transmission. 
Roll  and  Torsion  (Figures  U8,  k9  and  50)  are  difficult  to  identify 
due  to  analytical  coupling  of  overall  fuselage  modes  with  local  frame  modes 
Initially  the  shapes  could  not  be  identified  due  to  the  predominance  of 
local  frame  motions  in  the  aft  fuselage.  The  shapes  are  identified  after 
washing  out  the  large  local  frame  motions  and  normalizing  the  remaining 
response  to  the  largest  residual  motion.  The  coupling  of  fuselage  and 
frame  modes  is  produced  by  the  combination  of  physically  increasing  the 
frequency  of  fuselage  modes  by  the  removal  of  all  non-structural  masses 
and  mathematically  reducing  the  frequency  of  frame  modes  by  modeling  the 
frames  which  are  continuous  mass  system  at  discrete  lumped  mass  points. 

This  difficulty  cannot  ei'ise  in  the  actual  fully  assembled  aircraft  since 
the  frequencies  of  fuselage  modes  of  interest  varying  from  300-1500  cpm 
are  well  separated  from  local  frame  modes  which  are  above  2000  cpm. 
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6.7  Phase  I  Summary ,  Conclusions  and  Recommendations 


A  summary  of  the  various  correlations  performed  during  the  Phase  I 
effort  is  presented  in  Table  28.  The  criteria  for  establishing  the 
level  of  mode  shape  correlation  is : 


E  (Excellent)  -  Correct  number  of  nodes,  nodes  within  20  inches  of 
test  location,  modal  amplitudes  within  20  percent 
of  test  values. 

G  (Good)  -  Correct  number  of  nodes,  nodes  within  20  inches  of 

test  location,  modal  amplitudes  exceed  ±20  percent 
of  test  values. 

F  (Fair)  -  Correct  number  of  nodes,  nodes  greater  than  20  inches 

away  from  test  location,  modal  amplitudes  exceed 
±20  percent  of  test  values. 

P  (Poor)  -  Incorrect  number  of  nodes,  nodes  not  located  properly, 

modal  amplitudes  greater  than  ±20  percent  of  test 
values . 
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(a)  The  selection  of  static  degrees  of  freedom  in  the  flexible  frame  model 
can  be  based  on  a  structural  model  which  contains  lumped  stringers 
numbering  one  half  the  number  of  actual  stringers. 

(b)  No  more  than  sixteen  dynamic  degrees  of  freedom  on  each  flexible  frame 
are  required  for  adequate  dynamic  modeling. 

(c)  The  prediction  of  overall  airframe  modes  is  generally  insensitive  to 
modeling  of  the  cockp5 c  and  forward  fuselage  structural  stiffness. 

(d)  A  flexible  frame  representation  of  the  transmission  support  region  ex¬ 
tending  about  1.5  transmission  lengths  forward  and  aft  of  the  corres¬ 
ponding  transmission  supports  is  adequate  for  predicting  the  fuselage 
and  a  transmission  modes  of  a  vehicle  without  a  rear  cargo  ramp. 

(e)  A  vehicle  with  a  rear  cargo  ramp  requires  a  mathmetical  model  which 
includes  a  flexible  frame  representation  spanning  1.5  transmission  base 
lengths  forward  of  the  transmission  supports  through  and  including  the 
rear  cargo  ramp. 

(f)  Utilization  of  an  intermediate  "rigid"  end  frame  to  couple  two  flexible 
frame  substructures  which  comprise  a  total  span  exceeding  nine  bays 
results  in  an  overly  stiff  model  if  one  substructure  contains  a  large 
cutout.  In  this  event  the  structure  should  be  modeled  as  a  single 
entity. 

(g)  Overall  correlation  with  the  18  bay  flexible  frame  model  in  the  frequency 
range  of  interest  (<  2000  cpm)  is  extremely  encouraging.  Frequencies 
are  within  2%  -  30/S  of  test,  values  and  mode  shapes  vary  from  good  to 
excellent . 

(h)  The  largest  frequency  difference  of  30%  in  the  first  lateral  mode  is 
attributed  to  the  intermediate  "ripi  d”  end  frame  at  FS  UU2  in  the 

18  bay  analysis.  (See  Conclusion  f.) 

(i)  The  transmission  pitch  mode,  whose  shape  is  excellent,  is  13/S  too  stiff 
due  to  the  absence  of  transmission  mass  which  is  normally  present. 

Test  data  indicated  the  only  vertical  motion  in  the  forward  cabin  in 
this  mode  was  on  the  top  of  the  fuselage.  In  order  for  the  top  of  the 
fuselage  to  move  in  a  beam  model  the  entire  section  must  deform, 
resulting  in  an  inherently  stiffer  model  of  this  mode.  The  major 
portion  of  the  kinetic  and  potential  energy  in  this  mode  normally 
exists  in  the  immediate  area  of  the  transmission.  In  the  absence 

of  the  large  transmission  mass  and  resulting  motions,  the  model  becomes 
overly  sensitive  to  the  beam  modeling  assumption  in  the  forward 
fuselage.  Thus  the  model  is  overly  sensitive  to  the  beam  model 
assumption  used  in  the  forward  fuselage. 
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(J)  The  high  frequency  nodes  (above  2000  cpm)  are  difficult  to  identify  due 
to  coupling  of  overall  fuselage  nodes  with  local  frame  modes.  This 
difficulty  was  compounded  in  the  present  investigation  because  basic 
fuselage  modes  were  raised  (due  to  the  stripped  nature  of  the  vehicle) 
while  local  frame  modes  were  lowered  (due  to  lumped  mass  modeling  of 
each  frame).  Tests  of  more  complete,  representatively  loaded  fusexages 
would  be  expected  to  minimize  this  problem. 

(k)  It  is  recommended  that  further  testing  and  correlation  be  performed 
following  the  addition  of  concentrated  masses  at  the  nose,  transmission 
and  pylon  fold  hinge. 
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7.1 

7.1.1 


7.1.2 


CORRELATION  STUDY  -  PHASE  II 

Testing 

Configuration 

The  starting  point  for  this  investigation  is  the  test  vehicle 
used  in  the  Phase  I  investigation  with  the  addition  of  ballast 
to  provide  a  more  realistic  representation  of  a  helicopter  mass 
distribution. 

At  the  transmission  mounting  plate  two  lead  blocks  having  a 
total  weight  of  4  570  lbs.  are  placed  transverse  to  the  fore  and 
aft  line  each  23.5  inches  from  the  rotor  shaft  center  and  at 
W.L.  230  (Figure  51).  The  weights  are  selected  so  that  the 
mass  and  pitching  moment  of  inertia  of  the  simulated  transmission 
and  rotor  head  approximate  that  of  the  actual  CH-53A.  At  the 
tail 4  a  weight  of  1500  lbs.  is  hung  with  its  center  of  gravity  at 
F.S.  758.  This  weight  simulates  that  of  the  removed  tail  pylon, 
stabilizer  and  tail  rotor.  This  installation  is  shown  in  Figure 
52.  At  the  nose  a3000  lb.  block  assembly  is  mounted  on  the 
nose  gear  trunnion  fitting  to  balance  the  vehicle.  Figure  53. 

The  weights,  inertias  and  locations  of  all  mass  appendages  is 
tabulated  in  Table  29* • 

Test  Results  -  Phase  II 

The  shake  test  is  performed  i;.  accordance  with  test  procedures 
described  in  Section  5,  Test  Facilities  and  Procedures.  The 
following  modes  are  identified: 


MODE 

1st  Vertical  Bending 

1st  Lateral  Bending 

Transmission  Pitch 

Forward  Cabin  Lateral 

Nose  Block  Lateral/Roll 

Nose  Block  Vertical/Coupled 

Transmission  Pitch 

Forward  Cabin/Nose  Block  Lateral 

Nose  Block  Vertical 

Second  Vertical  Bending 

Torsion 


Jifl- 

PACE 


TEST  FREQUENCY  CPM 

615 

74o 

840 

930 

97C 

990 

1050 

1290 

1310 
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7.1.2  Test  Results  -  Phase  II  (continued) 

MODE  TEST  FREQUENCY  CPM 

Transmission/Ramp  Vertical  Bending  1U25 

Ram;  ertical  Bending  1630 

Modes  at  frequencies  "beyond  1630  cpm  have  been  deleted  since 
they  are  beyond  the  frequency  range  of  interest  in  helicopter 
structures. 


7.1.3  Evaluation  of  Test  Results 

1st  Vertical  Bending  -  In  the  Phase  II  test  mode.  Figure  5**, 
the  increase  in  tail  curvature  is  attributed  to  the  1500  lb. 
tail  ballast  block.  In  addition,  the  considerably  larger  re¬ 
sponse  in  the  nose  than  was  encountered  in  the  Phase  I  test. 
Figure  28,  is  attributed  to  the  3000  ]b.  nose  ballast  block. 

The  frequency  has  been  reduced  considerably  so  that  the  mode  is 
now  in  the  region  where  fuselage  modes  of  this  type  are  normally 
encountered. 

1st  Lateral  Bending  -  The  addition  of  ballast  masses  to  represent 
the  mass  distribution  of  the  actual  vehicle  has  succeeded  in  re¬ 
ducing  the  lateral  differential  shear  in  the  aft  fuselage  which 
had  been  encountered  in  Phase  I  and  is  identified  as  being  the 
major  cause  of  the  lack  of  frequency  correlation  in  this  mode 
(Figures  27  and  55). 

Transmission  Pitch  -  The  curvature  in  the  transmission  area  in 
this  mode,  Figure  56,  is  much  greater  than  encountered  in  the 
Phase  I  test  due  to  the  larger  pitch  moment  of  inertia  of  the 
ballasted  transmission.  In  addition,  the  Phase  II  test  mode 
exhibits  considerable  curvature  and  deformation  in  the  n~>se, 
tail  and  ramp  area  vni  :h  is  not  indicated  in  the  Phase  I  test 
data.  This  indicates  that  the  concentrated  nose  and  tail  ballast 
masses  are  playing  a  strong  role  in  controlling  the  shape  and 
frequency  of  this  mode. 

Ramp  Controlled  and  Torsion  -  The  ramp  controlled  modes  and 
higher  frequency  torsion  modes,  Figures  62,  63,  6U  and  65, 
are  at  frequencies  which  are  approximately  70%  of  those  ob¬ 
tained  during  Phase  I  which  is  nominally  consistent  with  the 
250J»  increase  in  vehicle  gross  weight. 


7.2 

7.2.1 


Evaluation  of  Test  Results  (continued) 

In  addition  to  the  modes  described  above,  five  additional  modes 
are  encountered,  three  lateral  and  two  vertical,  which  appear  to 
be  strongly  influenced  by  the  existence  of  zb.e  3000  lb.  nose 
ballast  block. 

These  are  identiiied  as: 


Forward  Cabin  Lateral 

(Figure  57) 

Nose  Block  Lateral/Rcll 

(Figure  58) 

Forward  Cabin  Lateral/Nose 

(Figure  60) 

Block  Lateral 

Nose  Block  Vertical/Transmission 

(Figure  59) 

Pitch 

Nose  Block  Vertical 

(Figure  61) 

The  addition  of  the  nose  and  tail  ballast  has  succeeded  in 
bringing  the  fuselage  modes  into  a  frequency  range  more  represen- 
tive  of  that  encountered  in  a  fully  assembled  aircraft.  However, 
it  appears  that  some  of  the  modes  encountered  are  strongly 
controlled  by  the  ballast  and  in  fact,  in  the  five  cases  cited 
above  are  actually  local  ballast  modes.  The  modeling  of  the 
ballast  in  the  dynamic  analysis,  particularly  the  nose  block, 
must  therefore  be  examined  carefully  at  each  step  in  the  correla¬ 
tion  study. 


Eighteen  Bay  Rigid  Ballast  Model  Correlation 


To  update  the  Phase  I  dynamic  model  for  computer  analysis,  the 
mass  matrix  is  modified  to  include  the  masses  and  inertias  of 
the  ballast  identified  in  Table  29.  Due  to  the  large  magnitude 
of  the  transmission  ballast,  large  off-diagonal  mass  matrix 
elements  result  if  the  masses  and  inertias  are  transferred  to 
and  input  at  the  ignorable  coordinates.  It  has  been  established 
that  the  program  does  not  function  properly  with  large  off- 
diagonal  mass  matrix  elements  in  the  presence  of  a  non-diagonal 
transformation  matrix.  To  eliminate  this  situation,  a  new  set 
of  degrees  of  freedom  is  established  at  the  center  of  gravity 
of  the  simulated  transmission  and  rotor.  The  total  mass  and 
inertia  of  the  transmission  is  concentrated  at  these  degrees  of 
freedom. 
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7.2,1  Dynamic  Model  (continued) 

Additional  elements  in  the  transformation  matrix  are  calculated 
to  couple  the  new  dynamic  degrees  of  freedom  to  tne  reference 
ignorable  coordinates  at  F.S.  3*»2,  W.L.  191.  All  ballast  masses 
are  assumed  rigidly  connected  to  the  fuselage  structure; 
therefore,  the  influence  coefficient  matrix  remains  the  same  as 
for  Phase  I  analysis. 


7.2.2 


The  dynamic  degrees  of  freedom  used  for  this  analytical  model  are 
shown  in  Figures  66  and  67.  The  corresponding  mass  matrix  is  listed 
in  Table  30. 

Results  of  Correlation,  18  Bay-Rigid  Ballast  Model 


The  modes  obtained  from  this  analysis  are: 


MODE 

1st  Vertical  Bending 
1st  Lateral  Bending 
Transmission  Pitch 
Second  Lateral  Bending 
Ramp  Vertical 
Second  Vertical 
Transmission  Vertical 
Ramp  Torsion 


FREQUENCY  (CPM) 
482 
713 
8l8 
1105 
139^ 

1523 

1563 

l6oi 


The  analysis  was  cut  off  at  frequencies  above  1600  apm  since 
this  is  beyond  the  normal  range  of  interest  in  helicopter 
structures. 


Examination  of  the  mode  shapes  and  frequencies  indicated  some 
large  discrepancies  when  compared  to  the  test  data  of  Section 
7.1.2,  particularly  in  the  frequency  range  below  1000  cpm.  A 
severe  discrepancy  exists  in  the  transmission  pitch  mode  in  that 
the  large  deformation  in  the  nose,  tail  and  ramp  area  seen  in 
test  are  not  predicted.  In  addition,  none  of  the  five  local 
modes  identified  in  test  as  lateral  and  vertical  nose  block 
modes  are  predicted  by  analysis. 

These  descrepancies  raised  &  great  deal  of  suspicion  concerning 
the  rigid  modeling  of  the  nose  and  tail  ballast  blocks.  The 
actual  installation  is  suspected  of  having  significant  flexibili¬ 
ties  in  their  supports  which  would  account  for  the  existence  of 
local  modes  and  the  descrepancies  between  test  and  analysis. 
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7.2.2  Results  of  Correlation.  18  Bay  Rigid  Ballast  Model  (continued) 

In  order  to  examine  for  and  define  this  flexibility,  the  nose 
and  tail  blocks  and  the  aircraft  structure  in  the  vicinity  of 
the  ballast  supports  was  instrumented  and  accelerometer  data 
was  recorded  in  both  the  0-1000  cpm  range  and  at  system  resonant 
frequencies  above  1000  cpm.  It  was  determined  that  no  relative 
motion  between  the  ballast  blocks  and  the  fuselage  existed  at 
frequencies  above  1000  cpm  and  thus  the  rigid  block  dynamic  model 
is  valid  for  correlation  at  these  frequencies.  However,  consid¬ 
erable  relative  motion  exists  at  frequencies  below  1000  cpm 
particularly  in  the  range  700-900  cpm  where  the  local  ballast 
block  modes  are  identified. 

7.2.3  Measurement  of  Ballast  Block  Relative  Flexibility 

This  is  accomplished  by  instrumenting  both  the  blocks  and  the 
airframe  structure  with  accelerometers  in  the  direction  desired 
and  measuring  the  accelerations  of  the  block  and  the  airframe  at 
or  near  the  modes  of  interest.  The  mass  and  inertias  of  the 
ballast  are  known  and  the  accelerations  are  measured.  The  mass 
and  absolute  acceleration  is  reduced  to  a  force  which  produces 
the  relative  motion  between  the  two  instrumented  parts.  The 
relative  displacement  is  calculated  from  the  known  frequency  and 
relative  accelerations.  The  following  relations  define  accelera¬ 
tion  as  a  function  of  displacement  and  frequency. 

2*  =  •  w2x. 


Where  and  X,  are  the  absolute  motions  of  the  ballast  and  air¬ 
frame  support  structure  respectively. 

The  absolute  force  producing  the  relative  motion  is: 

F  = 

The  relative  flexibility  is  then  the  relative  deflection  divided 
by  the  absolute  force. 

l/k  =(Xi  ~  Xi) 

K  F 

This  calculation  of  relative  flexibility  is  consistent  with  the 
substructure  analysis  utilized  through  the  analysis. 
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7.2.3  Measurement  of  Ballast  B3ock  Relative  Flexibility  (continued) 

New  absolute  and  relative  degrees  of  freedom  a^e  assigned  at 
the  center  of  gravity  of  the  nose  aru  tail  ballast  block.  The 
relative  flexibilities  computed  fro  1  the  shake  test  data  are 
then  the  appropriate  relative  influence  coefficients  corresponding 
ing  to  the  ballast  and  its  support  structure. 

The  method  utilized  substantiates  not  revising  the  analytical 
model  for  correlation  of  modes  whose  frequencies  are  above  1000 
cpm.  At  these  frequencies  the  relative  motion  between  the 
ballast  and  its  support  is  zero.  Thus  indicating  an  infinite  re¬ 
lative  flexibility. 

As  a  result  of  this  invescigation  it  is  determined  that  flexibil¬ 
ity  exists  in  the  nose  block  and  its  supports  in  the  vertical/ 
pitch  and  the  lateral /yaw/ roll  directions.  The  tail  block  ex¬ 
hibits  relative  flexibi  ity  in  the  vertical/pitch/longitudinai 
directions  only. 

7.2.1*  Modifications  to  Mathematical  Model 

Nose  Ballast  Block 

Tests  indicate  that  the  forward  half  of  the  ballast  block  is 
bending  relative  to  the  fuselage  in  the  vertical/pitch  direction. 
The  aft  half  of  the  block  is  prevented  from  moving  vertically  re¬ 
lative  to  the  fuselage  by  the  pressurized  hydraulic  actuating 
strut  (Figure  53).  In  addition,  it  is  determined  that  relative 
motion  of  the  entire  block  relative  to  the  fuselage  exists  in 
the  lateral /roll/yaw  direction. 

The  relative  influence  coefficients  of  the  forward  half  of  the 
nose  block  in  the  vertical/pitch  direction  relative  to  the 
trunion  support  at  F.S.  110,  W.L.  89  are  determined  from  the 
tests  described  in  Section  7.2.3.  The  relative  lateral/roll/yaw 
influence  coefficients  of  the  total  block  relative  to  the  fuse¬ 
lage  structure  at  F.S.  110,  W.L.  117  are  established  in  the  same 
manner.  In  the  rigid  uallast  analysis  the  mass  and  inertia  of 
the  block  in  ull  directions  are  located  at  the  composite  center 
of  gravity  of  the  block  and  the  lumped  fuselage  mass  previously 
located  at  F.S.  110,  W.L.  117.  This  composite  center  of  grav'ty 
is  at  F.S.  110,  W.L.  89.  The  relative  and  absolute  degrees  of 
freedom  corresponding  to  the  original  rigid  ballast  model  are 
shown  in  Figure  68  by  a  bar  over  the  numerical  identification. 
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7*2.  U 


Nose  Ballast  Block  (continued) 

In  order  to  revise  the  modeling  of  the  nose  ballast  block  the 

following  assumptions  are  made. 

(a)  The  vertical  and  pitching  motion  of  the  flexible  forward 
portion  of  the  block  is  defined  by  absolute  degrees  of 
freedom  at  the  C.G.  of  this  segment  of  the  block. 

(b)  The  vertical  and  pitching  motion  of  the  remainder  of  the 
block  in  addition  to  the  lateral,  yaw  and  rolling  motion 
are  defined  by  absolute  degrees  of  freedom  at  the  composite 
center  '•'f  gravity  of  the  block  and  the  fuselage  mass  located 
at  F.S.  110.  This  composite  center  of  gravity  is  at  F.S. 
110,  W.L.  89. 


All  absolute  and  relative  degrees  of  freedom  corresponding  to 
this  revised  model  are  illustrated  in  Figure  68.  The  relative 
influence  coefficients  corresponding  to  degrees  of  freedom  28 
and  3^  are  those  obtained  from  the  shake  t^sts  described  in 
Section  7.2.3.  The  relative  lateral ,  roll  and  yaw  influence 
coefficients  for  degrees  of  freedom  12,  18  and  30  are  developed 
from  test  data  and  the  structural  characteristics  of  the  fuse¬ 
lage.  These  influence  coefficients  are  computed  utilizing  the 
following  transformation. 


F.S.  110 

xz  ys'h<j 

VS; - 

AX, 

F.S.  162 

- f 

MK)-M 

W.L.  117 -  ...... 

W  L. 

The  desired  influence  coefficients  for  relative  degrees  of 
freedom  12,  18  and  30  are  defined  by  the  matrix  fa,z] 
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7.2.1* 


Hose  Ballast  Block  (continued) 


The  resulting  total  influence  coefficient  matrix  corresponding 
to  degrees  of  freedom  12,  18  and  30  respectively  is: 


H- :: 


i:.72i 

0.5h2 


0.5U2 

0.027 


Tail  Ballast  Block 

Relative  motion  is  measured  between  the  tail  block  and  the  pylon 
fold  hinge  in  the  vertical,  pitch  and  longitudinal  directions. 
Hone  is  measured  in  the  lateral  direction.  It  is  suspected  that 
the  relative  motion  is  produced  by  local  flexibility  in  the 
mounting  blocks,  tension  bolts,  backup  plate  and  main  support 
plate  of  the  primary  ballast  (Figure  52).  It  would  be  virtually 
impossible  to  model  this  structure  directly  without  a  large  ex¬ 
penditure  of  time  and  money.  It  is  considered  that  the  relative 
influence  coefficients  measured  by  the  tests  described  in  Section 
7.3.3  will  provide  a  reasonable  approximation  for  the  purpose  of 
this  analysis. 

To  include  the  effects  of  this  local  flexibility  the  assignment 
of  relative  and  absolute  degrees  of  freedom  is  modified  as  shown 
in  Figure  '69  The  absolute  and  relative  degrees  of  freedom  re¬ 
presenting  the  vertical ,  pitch  and  longitudinal  motion  of  the 
ballast  block  are  assigned  at  the  center  of  gravity  of  the  block 
at  F.S.  758,  W.L.  186. h.  All  ether  degree  of  freedom  assignments 
remain  unchanged. 

E i ghteen  Bay  Mode?,  with  Ballast  F lexibility 


7.3.1 


7.3.2 


rnamic  Model 


The  complete  degree  of  freedom  definition  utilized  for  this 
analysis  is  presented  in  Figures  70  and  71.  The  structural 
influence  coefficient  matrix  corresponding  to  this  model  is 
modified  in  accordance  with  the  procedures  described  in  Section 
7.2. 

The  Mass  Matrix  for  this  analysis  is  presented  in  Table  31. 
Results 


The  results  presented  consist  of  analytical  modes  developed  by 
both  the  rigid  ballast  model  and  the  flexible  ballast  model  as 
applicable.  The  modes  identified  for  correlation  with  test  data 
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7,3*2  Results  (continued) 

(CPM) 


Mode 

Freauency 

- 

Model 

1st  Vertical  Bending 

1+38 

Flexible 

Ballast 

1st  Lateral  Bending 

659 

Flexible 

Ballast 

Transmission  Fitch 

751 

Flexible 

Ballast 

Lateral  Bending 

735 

Flexible 

Ballast 

Lateral  Bending 

858 

•*~3  exiblc 

Ballast 

Nose  Block  Vertical/ 
Transmission  Pitch 

933 

Flexible 

Ballast 

Nose  Block  Vertical. 

1043 

Flexible 

Ballast 

Forward  Cabin  Lateral 

1105 

Rigid  Ballast 

Second  Vertical 

1523 

Rigid  Ballast 

Transmission  Vertical/ 
Ramp  Vertical  Bending 

1563 

Rigid  Ballast 

Ramp  Vertical 

1394 

Rigid  Ballast 

Torsion 

1601 

Rigid  Ballast 

The  inclusion  of  the  relative  flexibility  between  the  ballast  and 
fuselage  produces  significant  improvement  in  correlation  particu¬ 
larly  at  frequencies  below  1000  CPM  where  relative  notion  is 
measured.  A  detailed  discussion  of  the  degree  of  correlation 
follows : 

Vertical/Pitch  Modes 
1st  Vertical  Bending 

Analysis  predicts  this  mode  at  1*38  CPM  as  compared  to  a  test 
value  of  440  CPM  (Figure  72)  a  difference  of  less  than  1 
percent.  All  modal  amplitudes  and  nodes  are  in  excellent 
agreement  with  test  except  for  the  vertical  motion  at  the 
nose  block.  This  difference  is  due  to  the  technique  applied 
in  modeling  the  nose  ballast  flexibility  where  the  impedance 
of  the  block  is  established  dynamically  at  a  higher  frequency. 

Transmission  Pitch 


An  error  of  1.5  percent  exists  between  the  predicted  frequency 
of  751  CPM  and  that  of  the  test  mode  (Figure  74).  It 
is  apparent  from  examination  of  the  two  shapes  that  the  dynamic 
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Transmission  Pitch  (continued) 

impedance  of  the  tail  ballast  block  established  by  the  test  pro¬ 
cedure  of  Section  7.?  did  not  produce  accurate  resulcs  in  this 
area.  The  smaller  vertical  ramp  motion  predicted  by  analysis  is 
consistent  with  the  smaller  predicted  vertical  motion  at  the  tail 
ballast  block  itself.  Considering  only  the  mode  shape  in  the 
cabin  area  which  is  controlled  by  the  nose  ballast  and  simulated 
transmission,  the  shape  correlation  is  rated  good  based  upon  the 
criteria  established  in  Section  6. 

Nose  Block  Vertical/Transmission  Pitch 

The  analytically  predicted  frequency  of  933  CFM  differs  from 
the  test  value  of  970  CPM  (Figure  77)  by  4  percent.  As  is 
the  case  in  the  transmission  pitch  mode  the  failure  to  ac¬ 
curately  establish  the  dynamic  impedance  of  the  tail  ballast 
block  produces  discrepancies  between  predicted  and  test  shapes  in 
the  ramp  area.  The  shape  correlation  of  the  cabin  roof  is  con¬ 
sidered  fair  to  good  with  nodes  within  20  inches  of  test  and 
amplitudes  generally  within  20  percent  of  test.  Examination  of 
the  predicted  shape  indicates  that  the  number  of  nodes  do  not 
agree  with  test.  However,  the  number  and  location  of  changes  in 
curvature  are  in  good  agreement  with  test. 

Since  this  mode  is  controlled  by  the  relative  flexibility  of  the 
ballast,  which  is  not  defined  exactly,  the  degree  of  shape  corre¬ 
lation  is  considered  good. 

Nose  Block  Vertical 


The  frequency  error  in  predicting  this  mode  is  1  percent.  The 
mode  is  encountered  at  1050  CPM  in  test  while  the  modified  flex¬ 
ible  ballast  analysis  predicts  the  mode  at  10*»3  CPM  (Figure  78)* 

As  is  the  case  Nose  Block  Vertical/Transmission  Pitch  Mode,  the 
determination  of  the  ballast  flexibility  strongly  affects  the  pre¬ 
diction  cf  this  mode.  The  shape  is  ratec  fair. 

Second  Vertical  Bending 

Analysis  predicts  this  mode  at  1523  CPM  as  compared  to  a 
test  frequency  of  1290  CPM  (Figure  80).  This  mode  is 
locally  controlled  by  the  structure  in  the  ramp  area  and  is  very 
sensitive  to  modeling  in  that  area.  As  indicated  in  Section  6.0 
all  the  ramp  mass  is  lumped  at  F.S.  567,  thus  creating  artificial 
lateral  frame  modes  at  F.S.  567.  These  artifical  local  frame 
modes  exist  in  the  frequency  range  of  all  ramp  controlled 
vertical  modes,  and  in  fact,  all  vertical  modes  normalize  on  the 
lateral  degrees  of  freedom  at  F.S.  567.  These  artificial  lateral 
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Second  Vertical  Bending  (continued) 

frame  modes  coupling  with  the  low  generalized  mass  vertical  ramp 
modes  produce  frequency  shifts  and  mode  shape  distortions  which 
contribute  to  a  degredation  in  degree  of  correlation.  In  addition 
significant  coupling  of  all  modes  above  1200  CPM  exists  in  the 
actual  test  which  makes  accurate  definition  of  actual  mode  shapes 
more  difficult  at  higher  frequencies.  This  will  be  discussed  in 
more  detail  in  subsequent  sections  of  this  report.  The  resulting 
mode  shape  correlation  is  considered  fair. 

Transmission  Vertical/Ramp  Vertical  Bending 

The  preceding  discussion  of  the  Second  Vertical  Bending  mode 
correlation  applies  co  this  mode  as  well.  The  difference  be¬ 
tween  the  analytically  predicted  frequency  of  1563  CPM  and  the 
test  frequency  of  1425  CPM  (Figure  8l)  is  8  percent.  The  mode 
shape  correlation  varies  from  fair  to  good. 

Ramp  Vertical  Bending 

Although  the  test  mode  and  the  analytical  mode  (Figure  82) 
contain  strong  similarities,  enough  differences  exist  to 
rate  the  shape  as  poor.  To  a  great  degree  the  accuracy 
of  establishing  the  actual  test  shape  is  strongly  controlled  by 
the  high  degree  of  coupling  between  this  mode  at  1640  CPM  and 
other  ramp  vertical  modes  at  1290  end  1U52  CPM.  The  frequency 
error  in  predicting  this  mode  is  18  percent. 

Lateral/Torsion  Modes 


The  attempts  to  model  the  lateral,  roll  and  yaw  flexibility  of 
the  nose  ballast  block  are  not  as  successful  as  in  the  vertical/ 
pitch  sense.  This  is  evidenced  by  the  failure  to  predict  the  local 
Nose  Block  tateral/Roll  mode  encountered  in  test  at  930  CPM 
(Figure  76).  In  addition  the  eccentrically  mounted  3000  lb. 
nose  ballast,  block  places  a  strong  emphasis  on  defining  the 
elastic  axis  and  torsional  constant  of  the  cockpit,  parameters  not 
considered  critical  in  the  dynamic  analysis  of  a  standard  air¬ 
craft.  In  general  the  modes  which  are  stronly  controlled  by  the 
ballast  block  exhibit  poor  correlation.  To  a  great  extent,  this 
may  be  due  to  the  difference  in  technique  utilized  in  modeling 
the  lateral/roll/yaw  flexibility  of  the  nose  ballast,  as  compared 
to  that  in  the  vertical/pitch  direction.  Due  to  degree  of  free¬ 
dom  limitations  and  time  constraints  the  local  lateral  flexibility 
of  the  nose  ballast  supports  has  been  lumped  with  the  total  flexi¬ 
bility  of  the  fuselage  from  F.S.  162  forward  (Section  7.2.4).  In 
the  vertical  sense  the  nose  block  flexibility  has  been  treated 
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7*3.2  Lateral /Tors ion  Modes  (continued) 

separately.  Time  constraints  did  not  permit  further  iteration 
of  this  modeling  technique. 

Of  principal  importance,  however,  is  the  substantial  improvement 
in  the  correlation  of  the  first  Lateral  Bending  Mode  as  compared 
to  the  results  achieved  in  Phase  I  (Section  6).  The  revised 
Phase  II  analysis  predicts  a  frequency  of  659  CPM,  as  compared 
with  a  test  value  of  615  cpm  (Figure  73).  This  error  of  7 
percent  is  considerably  better  than  the  33%  error  achieved  in 
Phase  I.  In  addition,  the  analysis  correctly  predicts  the  sig¬ 
nificant  change  in  the  actual  mode  shape  between  that  encountered 
in  Phase  I  and  the  shape  of  the  Phase  II  1st  Lateral  Bending 
Mode.  The  shape  correlation  is  considered  good  to  excellent. 

Poor  correlation  of  the  ramp  controlled  torsion  mode  at  1310  CPM 
(Figures  83  and  8h)  is  achieved.  The  corresponding  analytical 
mode  shapes  predicted  at  1600  CPM  are  also  presented  in  Figures 
83  and  81*.  As  is  the  case  with  the  higher  frequency  vertical 
modes,  modeling  limitations  and  difficulty  in  defining  actual 
test  mode  shapes  at  these  frequencies  contribute  to  the  lack  of 
correlation. 

A  summary  of  the  Phase  II  correlation  is  presented  in  Table  32. 
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Discussion  of  Results 


Including  ballast  to  replace  appendages  removed  prior  to  the 
Phase  I  test  and  correlation  has  resulted  in  a  substantial 
improvement  in  correlation.  In  particular,  the  Phase  I  diffi¬ 
culties  identified  as  sensitivity  of  the  analysis  to  beam 
modeling  of  the  forward  fuselage,  the  "rigid**  frame  at  P.S.  442, 
and  the  coupling  of  fuselage  and  local  frame  modes  in  the  ab¬ 
sence  of  representative  mass  distributions  are  almost  totally 
eliminated.  In  particular  this  results  in  an  obvious  improve¬ 
ment  in  the  frequency  and  shape  correlation  of  the  Transmission 
Pitch  and  list  Lateral  Bending  Modes. 

It  must  be  emphasized  that  in  order  to  achieve  the  degree  of 
correlation  obtained,  modeling  of  flexibilities  within  the 
ballast  itself  was  required.  This  modeling  has  been  success¬ 
fully  accomplished  in  the  vertical /pitch  direction  but  did  not 
prove  successful  in  predicting  lateral/torsion  modes.  It  is 
apparent  that  the  FRAN/vibration  analysis  is  able  to  accurately 
predict  significant  changes  in  the  characteristics  and  fre¬ 
quencies  of  fuselage  and  transmission  modes  when  the  structured 
data  base  is  accurately  defined.  Further  improvement  in 
correlation  would  have  been  achieved  had  a  more  detailed  de¬ 
finition  of  the  ballast  flexibility  been  defined  by  static  tests 
prior  to  dynamic  testing  and  correlation. 


Difficulty  in  accurately  predicting  the  higher  frequency  ramp 
controlled  modes  still  persists,  although  a  significant  improve¬ 
ment  over  the  Phase  I  results  as  achieved.  From  the  standpoint 
of  modeling  it  is  apparent  that  a  200  degree  of  freedom  model  is 
inadequate  for  a  vehicle  which  contains  a  cargo  ramp  since  this 
constraint  necessitates  oversimplification  of  the  dynamic  model 
in  this  region  of  the  fuselage.  In  addition,  the  test  procedure 
employed,  namely  a  single  rotor  head  shaker,  does  not  provide  a 
means  of  identifying  uncoupled  mode  shapes  at  higher  frequencies. 

7.4.2  Testi ng 

In  general  modes  below  1000  CPM  are  sufficiently  uncoupled  so 
that  a  single  rotor  head  shaker  will  provide  test  data  which  en¬ 
ables  accurate  definition  of  uncoupled  mode  shapes.  (Figure 
8$,  4U0  CPM).  At  higher  frequencies  insufficient  frequency 

separation  exists  to  permit  accurate  definition  of  uncoupled 
mode  shapes. 

The  frequency  response  trace  of  Figure  85  represents  the  in- 
phase  and  quadrature  response  of  a  vertical  accelerometer  due  to 


53 

PAGE 


Sikorsky  ftircraft 


OMMN  or  UNTTOO 


REPORT  NO.  SER  651195 


7.1*. 2 


Testing  (continued) 

vertical  rotor  head  excitation  as  frequency  is  varied.  At  a 
resonant  frequency  of  an  uncoupled  mode  the  quadrature  response 
peaks  and  the  in-phase  response  crosses  the  zero  axis.  This 
characteristic  is  quite  evident  in  the  First  Vertical  Bending 
Mode  at  U4o  CPM. 

The  existence  of  modal  coupling  is  revealed  by  a  quadrature 
peak  which  is  not  coincident  with  an  in-phase  zero  crossing. 

Due  to  the  proximity  of  modes  the  in-phase  and  quadrature  re¬ 
sponse  represent  the  simultaneous  contribution  of  several  modes. 
This  is  illustrated  in  particular  by  the  interaction  of  the 
second  Vertical  and  Transmission  Vertical  Modes  in  the  range  of 
1200  -  1500  CPM  (Figure  b5).  Thus  the  mode  shapes  resulting 
from  test  data  of  this  type  cannot  be  accurate  and  the  lack  of 
a  higher  degree  of  shape  correlation  at  these  frequencies  cannot 
be  identified  as  being  due  to  analysis  only. 

In  order  to  avoid  this  pitfall  one  or  more  roving  shakers  are 
required.  The  structure  must  be  excited  at  locations  which 
are  antinodes  of  the  mode  in  question  and  are  simultaneous  nodes 
of  adjacent  modes.  This  would  uncouple  the  response  and  produce 
an  improved  definition  of  the  shape  of  the  actual  mode. 

Conclusions  and  Recommendations 

1.  The  FRAN  vibration  analysis  is  capable  of  accurately  pre¬ 
dicting  resonant  frequencies  and  mode  shapes  of  complex  air¬ 
craft  type  structures  when  the  structural  data  base  is 
accurately  defined. 

2.  To  insure  this  accuracy  in  the  input  data,  it  is  recommended 
that  appendages  of  a  character  not  amenable  to  accurate  or 
economical  structural  analysis  be  statically  tested  to 
determine  flexibility  coefficients  required  for  dynamic 
ar.alysi  s . 


3.  The  FRAN/vibration  analysis  program  permits  a  rapid  and 

economical  evaluation  of  structural  and  mass  changes.  Only 
the  immediate  substructure  in  question  need  be  altered  to 
reflect  structural  or  mass  distribution  modifications. 
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Conclusions  and  Recommendations  (continued) 

U.  Excellent  results  may  "be  expected  in  predicting  all 

transmission  and  fuselage  modes  for  a  vehicle  without  a 
cargo  ramp.  Greater  detail  is  required  than  that  employed 
to  accurately  predict  ramp  controlled  modes. 

5.  A  200  degree  of  freedom  dynamic  analysis  may  not  he  adequate 
for  vehicles  with  cargo  ramps. 
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Figure  1.  Substructure  Analysis  of  Influence  Coefficients 


56 

PAGE 


,J&i* SLfilb  *  . 


X3SEES 


77»>7  •FT’TSOT, 


Interior  Vie 


Figure  10.  CH-53A  General  Arrangement 
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Figure  19  (continued) 
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Figure  23  Effective  Skin  Thickness  for  Isolcced  Cutouts  in  Sections 
under  Torsion 
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Figure  26  Thirty  Stringer  Model,  Stringer  Panel  and  Frame  Element 
Locations 
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Figure  32  Phase  I  Transmission  Vertical  Mode  -  6  Bay 
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Figure  36  Degree  of  Freedom  Locations  for  Reduced  Degree  of 
Freedom  Models  (View  Aft) 
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Figure  1*2  Aft  Fuselage  Finite  Elenent  Model,  FS  M2-632 
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Figure  43  Development  of  Ramp  Area  PPFRAJl  Model 


Figure  1*5  Phase  I  Correlation  of  First  Vertical  Bending  Mode  -  18  Bay 


Figure  1*6  Phase  I  Correlation  of  Transmission  Pitch  Mode  -  18  Bay 
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Figure  50  Phase  I  Correlation  of  Torsion  Mode  -  18  Bay 
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Figure  56  Phase  II  test  -  Transmission  Pitch  Model  -  7^0  cpm 


WfBf’S'Sre*--**-  *■  w»,v 


*>»■ 


Sikorsky  Aircraft 


REPORT  NO.  SER  651195 


Figure  59  Phase  II  test  -  Nose  Block  Vertical,  Transmission 
Pitch  Model  -  970  cpm 
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Figure  66  Eighteen  Bay  Model  -  Phase  II 
Beam  Degrees  of  Freedom 
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Figure  T7  Phase  Correlation  Hose  Bloeh  Verti=al/Trans»ission 
01  Mniio.  Flexible  Ballast 
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Figure  83  Phase  II  Correlation  of  Torsion  Mode,  Rigid 
Ballast  (Vertical  Displacements) 
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TABLE  1 

STRINGER  AND  PANEL  STRUCTURAL  DATA,  62  STRINGER 
STRUCTURE,  FS  162-262. 


F.S.  =  162-182. 


stringer  no. 

S.L. 

W.L. 

area 

PANEL  THICKNESS 

1 

.00 

191.000 

.061 

.024 

2 

-7.00 

191.000 

-.092 

.024 

3 

-13.00 

191.000 

.092 

.024 

4 

-20.00 

191.000 

.091 

1 024 

5 

-26.00 

191.000 

.075 

.025 

6 

-31.81 

191.000 

.075 

.025 

7 

-37.59 

197.620 

.075 

.025 

8 

-43.50 

184.000 

.061 

.035 

9 

-47.56 

180.000 

.061 

.035 

10 

-50.42 

174.500 

.075 

.035 

11 

-53.00 

169,000 

.090 

.035 

12 

-53,00 

163.000 

.174 

.063 

13 

-53.00 

157.000 

.116 

.063 

14 

-53.00 

151.000 

.116 

.063 

15 

-53.00 

145.000 

.116 

.063 

16 

-53.00 

139.000 

.116 

.063 

17 

-53.00 

133.000 

.116 

.063 

18 

-53.00 

127.000 

.530 

.046 

19 

-53.00 

121.000 

.090 

.046 

20 

-53.00 

115.000 

.090 

.046 

2; 

-53.00 

109.000 

.090 

.071 

2c 

-53.00 

103.000 

.090 

.053 

23 

-50.84 

97.000 

.333 

.040 

24 

-48.00 

92.000 

.075 

.040 

25 

-42.12 

88.690 

•  121 

.040 

26 

-35.70 

87.000 

.121 

.032 

27 

-29.28 

37.000 

.121 

.032 

28 

-22.86 

97.000 

.121 

.032 

29 

-16.44 

87.000 

.696 

.050 

30 

-10.96 

87.000 

.163 

.063 

31 

-5.48 

87.000 

.278 

.063 

32 

.00 

97.000 

.278 

.063 

33 

5.48 

87.000 

.278 

.063 

34 

10.96 

87.000 

.163 

.050 

35 

16.44 

87.000 

.696 

.032 

36 

22.36 

87.000 

.121 

.032 

37 

29.26 

87.000 

.121 

.032 

38 

35.70 

37.000 

.121 

.032 

39 

42.12 

38.690 

.121 

.032 

40 

48.00 

92.000 

.075 

.032 
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TABLE  1  (continued) 


STRINGER  NO. 

B.L. 

W.L. 

AREA 

panel  thickness 

41 

50.84 

97.000 

.137 

.032 

42 

53.00 

103.000 

.090 

.032 

43 

53.00 

109.000 

.090 

.032 

44 

53.00 

115.000 

.090 

.032 

45 

53.00 

121.000 

.109 

.032 

46 

53.00 

127.000 

.532 

.  032 

47 

53.00 

133.000 

.109 

.  032 

48 

53.00 

139.000 

.090 

.032 

49 

53.00 

145.000 

.090 

.  032 

50 

53.00 

151.000 

.090 

.032 

51 

53.00 

157.000 

.090 

.032 

52 

53.00 

163.000 

.116 

.032 

53 

53.00 

169.000 

.075 

.032 

54 

50.42 

174.500 

.075 

.032 

55 

47.56 

180.000 

.075 

.032 

56 

43.50 

184. COO 

.075 

.025 

57 

37.59 

187.620 

.075 

.025 

58 

31.81 

191.000 

.075 

.025 

59 

26.00 

191.000 

.075 

.024 

60 

20.00 

191.000 

.061 

.024 

61 

13.00 

191.000 

.061 

.024 

62 

7.00 

191.000 

•  061 

.024 
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TABLE  1  (continued) 


F. S.  ~ 

182-202 . 

STRINGdR 

NO .  B.L. 

W .  L  . 

AREA 

1 

.00 

191.000 

.061 

2 

-7.0C 

191.000 

.092 

3 

-13.00 

191.000 

.092 

4 

-20.00 

191.000 

.091 

5 

-26.00 

191.000 

.075 

6 

-31.81 

191.000 

.075 

7 

-37.59 

187.620 

.0?5 

8 

-43.50 

184.000 

.061 

9 

-47.56 

180.000 

.061 

10 

-50.42 

174.500 

.075 

11 

-53.00 

169.000 

.090 

12 

-53.00 

163.000 

.174 

13 

-53.00 

157.000 

.116 

14 

-53.00 

151,000 

.116 

15 

-53.00 

145«  LQ0 

.116 

16 

-53.00 

139.000 

.116 

17 

-53.00 

133.000 

.116 

18 

-53.00 

127.000 

.530 

19 

-53.00 

121.000 

.090 

20 

-53.00 

115.000 

.090 

21 

-53.00 

109.000 

.090 

22 

-53.00 

103.000 

.090 

23 

-50.84 

97.000 

.333 

24 

-48.00 

92.000 

.075 

25 

-42.12 

88.690 

.121 

26 

-35.70 

87.000 

.121 

27 

-29.28 

87.000 

.121 

28 

-22.86 

87.000 

.121 

29 

-16.44 

87.000 

.696 

30 

-10.96 

87.000 

.163 

31 

-5.48 

87.000 

.278 

32 

•  00 

37.000 

.278 

33 

5.48 

87.000 

.278 

34 

10.96 

87.000 

.163 

35 

16.44 

87.000 

.696 

36 

22.86 

37.000 

.121 

37 

29.28 

87.000 

.121 

38 

35.70 

37.000 

.121 

39 

42.12 

88.690 

.121 

40 

48.00 

92.000 

.075 

PANEL  THICKNESS 
.024 
.024 
.024 
.024 
.025 
.025 
.025 
.035 
.035 
.035 
.035 
.000 
.000 
.000 
,,000 
.000 
.000 
.000 
.000 
*000 
.000 
.000 
.040 
.040 
.040 
.032 
•  032 
.032 
.050 
.063 
.000 
.000 
.063 
.050 
.032 
.032 
.032 
.032 
.032 
.032 


REPORT  NO.  SER  651195 


Sikorsky  Aircraft 


TA3LE  1  (continued) 


STRINGER  NO. 

3.L. 

W.L. 

AREA 

panel  thickness 

41 

50.84 

97.000 

.137 

.032 

42 

53.00 

103.000 

.090 

.032 

43 

53.00 

109.000 

.090 

.032 

44 

53.00 

115.000 

.090 

.032 

45 

53.00 

121.000 

.109 

.032 

46 

53.00 

127.000 

.532 

.032 

47 

53.00 

1,33.000 

.109 

.032 

48 

53.00 

139.000 

.090 

•  032 

49 

53.00 

145.000 

.090 

.032 

50 

53.00 

151.000 

.090 

.032 

51 

53.00 

157.000 

.090 

.032 

52 

53.00 

163.000 

.116 

.032 

53 

‘33.00 

169.000 

.075 

.032 

54 

50.42 

174.500 

.075 

.032 

55 

4‘*  •  56 

180.000 

•  1,75 

.032 

56 

43.50 

184.000 

.075 

.025 

57 

37.59 

187.620 

.075 

.025 

56 

31.81 

191.000 

.075 

.025 

59 

26.00 

191.000 

.075 

.024 

60 

20.00 

191.000 

.061 

.024 

61 

13.00 

191.000 

.061 

.000 

62 

7.00 

191.000 

.061 

•  000 

l!»9 
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Sikorsky  Aircraft 


REPORT  NO.  SER  651195 


U 

OtVmOH  O*  UHCTIO  AMCftATT  CO**OftATXM 

A* 


TABLE  1  (continued) 

F.S.  =  202-222. 


STRINGER 

NO.  B.L. 

W.L. 

area 

panel  thickness 

1 

.00 

191.000 

.061 

.024 

2 

“7.00 

191.000 

.092 

.024 

3 

-13.00 

191.000 

.092 

.024 

4 

-20.00 

191.000 

.091 

.024 

5 

“26.00 

191.000 

.075 

.025 

6 

“31.81 

191.000 

.075 

.025 

7 

“37.59 

187.620 

.075 

.025 

8 

“43.50 

184.000 

•  061 

.035 

9 

“47.56 

180.000 

.061 

.035 

10 

“50.42 

174.500 

.075 

.035 

11 

“53.00 

169.000 

.090 

.  03  0 

12 

“53.00 

163.000 

•  174 

.000 

13 

“53.00 

157. 00Q 

.116 

.000 

14 

“53.00 

151.000 

.116 

.000 

15 

“53.00 

145.000 

.116 

•  000 

16 

-53.0C 

139.000 

•  116 

.000 

17 

-53.00 

133.000 

.116 

.000 

18 

-53.00 

127.000 

.530 

.000 

19 

“53.00 

121.000 

.090 

.000 

20 

“53.00 

115.000 

.090 

.000 

21 

-53.00 

109.000 

.090 

.000 

22 

-53.00 

103.000 

.090 

.000 

23 

-50.84 

97.000 

.333 

.040 

24 

“48.00 

92.000 

.075 

.040 

25 

“42.12 

88.690 

.121 

.040 

26 

-35.70 

87.000 

.121 

.032 

27 

“29.28 

87.000 

•  121 

.032 

28 

-22.86 

37.000 

.121 

.032 

29 

- 16.44 

87.000 

.696 

.050 

30 

“10.96 

87.000 

.163 

.063 

31 

-5.48 

37.000 

.278 

.050 

22 

.00 

87.000 

.278 

.050 

33 

5,48 

87.000 

.278 

.063 

34 

10.96 

87.000 

.163 

.050 

35 

16.44 

37.000 

.696 

.032 

36 

22.86 

37.000 

.121 

.032 

37 

29.28 

87.000 

.121 

.032 

38 

35.70 

87.000 

.121 

.032 

39 

42.12 

88.690 

.121 

.032 

40 

48.00 

92.000 

.075 

.032 

150 
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Sikorsky  Aircraft 


REPORT  NO.  SKR  651195 


TABLE  1  (continued) 


STRINGER  NO. 

3.L. 

W.L. 

AREA 

panel  thickness 

41 

50.84 

97.000 

.137 

.032 

42 

53  *  00 

103.000 

•  090 

.032 

43 

53.00 

109.000 

.090 

•  032 

44 

53.00 

115.000 

.090 

.032 

45 

53.00 

121.000 

.109 

.032 

46 

53.00 

127. Q00 

•  532 

.032 

47 

53.00 

133.000 

.109 

.000 

48 

53.00 

139.000 

.090 

.000 

49 

53.00 

145.000 

.090 

.000 

50 

53.00 

151.000 

.090 

.900 

51 

53.00 

157.000 

.090 

.000 

52 

53.00 

163.000 

.116 

.032 

53 

53.00 

169.000 

.075 

.032 

54 

50.42 

174.500 

.075 

.032 

55 

47.56 

190.000 

.075 

.032 

56 

43.50 

194.000 

.075 

.025 

57 

37.59 

187.620 

.075 

.025 

58 

31.81 

191.000 

.075 

.025 

59 

26.00 

191.000 

.075 

.024 

60 

2C.00 

191.000 

.061 

.024 

61 

13.00 

191.000 

.061 

.024 

62 

7.00 

191.000 

.061 

.024 

151 
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REPORT  NO.  SER  651195 


Sikorsky  Aircraft 


TABLE  1  (continued) 


F.S.  =  222-242. 


STRINGER  NO. 

B.L. 

W.L. 

area 

PANEL  THICKNESS 

1 

.00 

191.000 

.061 

.024 

2 

-7.00 

191.000 

.092 

.024 

3 

-13.00 

191.000 

.092 

.024 

4 

-20.00 

191.000 

.091 

.024 

5 

-26.00 

191.000 

.075 

.025 

6 

-31.81 

191.000 

.075 

.025 

7 

-37.59 

187.620 

.075 

.025 

8 

-43.50 

184.000 

.075 

.027 

9 

-47.56 

130.000 

.075 

.027 

10 

-50.42 

174.500 

.075 

.027 

11 

-53.00 

169.000 

.090 

.032 

12 

-53.00 

163.000 

*330 

.032 

13 

-53.00 

157.000 

.078 

.032 

14 

-53.00 

151.000 

.078 

.032 

15 

-i'3.00 

145.000 

.078 

.032 

16 

-5J.00 

139.000 

.078 

.032 

17 

-53.00 

133.000 

.078 

.032 

18 

-53.00 

127.000 

.078 

.032 

19 

-53.00 

121.000 

.078 

.032 

20 

-53.00 

115.000 

.078 

.032 

21 

-53.00 

109.000 

.078 

.032 

22 

-53.00 

103.000 

.078 

.032 

23 

-50.84 

97.000 

•  211 

.025 

24 

-48.00 

92.000 

.075 

.025 

25 

-42.12 

88.690 

•  121 

.025 

26 

-35.70 

87.000 

.121 

.025 

27 

-29.28 

87.000 

.121 

.025 

28 

-22.86 

87.000 

.121 

.025 

29 

-16.44 

87.000 

.317 

•  025 

30 

-10.96 

87.000 

.163 

•  025 

31 

-5.48 

87.000 

•  121 

.025 

32 

.00 

87.000 

.121 

.025 

33 

5.48 

87.000 

•  121 

.025 

34 

10.96 

87.000 

.163 

.025 

35 

16.44 

87.000 

.317 

.025 

36 

22.86 

87.000 

.121 

.025 

37 

29.28 

87.000 

.121 

.025 

36 

35.70 

87.000 

.121 

.025 

39 

42.12 

88.690 

•  121 

.025 

40 

48.00 

92.000 

.075 

•  025 
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REPORT  NO.  SER  651195 


TAbiiE  1  (continued) 


STRINGER  NO. 

B.L. 

W.L. 

AREA 

PANEL  THICKNESS 

41 

50.84 

97.000 

.137 

•  025 

42 

53.00 

103.000 

.090 

.025 

43 

53.00 

109.000 

.090 

.025 

44 

53.00 

115.000 

.090 

.025 

45 

53.00 

121.000 

.109 

.025 

46 

53.00 

127.000 

.335 

.032 

47 

53.00 

133.000 

.195 

.032 

46 

53.00 

139.000 

.078 

.032 

49 

53.00 

145.000 

.078 

.032 

50 

53.00 

151.000 

.078 

.032 

51 

53.00 

157.000 

.078 

.032 

52 

53.00 

163.000 

.109 

.032 

53 

53.00 

169. 00Q 

.090 

.027 

54 

50.42 

174.500 

.075 

.027 

55 

47.56 

180*000 

.075 

.027 

56 

43.50 

184.000 

.075 

.025 

57 

37.59 

187.620 

.075 

.025 

58 

31.81 

191.000 

.075 

.025 

59 

26.00 

191.000 

.075 

.024 

60 

20.00 

191*000 

.061 

.024 

61 

13.00 

191.000 

.061 

.024 

62 

7.00 

191.000 

.061 

.024 

153 
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REPORT  NO.  SER  651195 


TABLE  1  (continued) 


F.S.  = 

242-262. 

STRINGER 

NO.  B.L. 

W.L. 

1 

•  00 

191.000 

2 

-7.00 

191.000 

3 

-13.00 

191.000 

4 

-20.00 

191.000 

5 

-26.00 

191.000 

6 

-31.81 

191.000 

7 

-37.59 

1S7.620 

8 

-43.50 

194.000 

9 

-47.56 

180.000 

10 

-50.42 

174.500 

11 

-53.00 

169.000 

12 

-53.00 

163.000 

13 

-53.00 

157.000 

14 

-53.00 

151.000 

15 

-53.00 

145.000 

16 

-53.00 

139.000 

17 

-53.00 

133.000 

16 

-53.00 

127.000 

19 

-53.00 

121.000 

20 

-53.00 

115.000 

21 

-53.00 

109.000 

22 

-53.00 

103.000 

23 

-50.84 

97.000 

24 

-48.00 

92.000 

25 

-42.12 

98.690 

26 

-35.70 

37.000 

27 

-29.28 

87.000 

28 

-22.86 

87.000 

29 

-16.44 

87.000 

30 

-10.96 

37.000 

31 

-5.48 

87.000 

32 

.00 

87.000 

33 

5.48 

87.000 

34 

10.96 

87.000 

35 

16*44 

87.000 

36 

22.86 

87.000 

37 

29.28 

97.000 

38 

35.70 

87.000 

39 

42.12 

88.690 

40 

48.00 

92.000 

AREA  PANEL  THICKNESS 


061 

.024 

►  092 

.000 

►  092 

.000 

.091 

.024 

.075 

.025 

.075 

•  025 

.075 

.025 

.075 

.027 

.075 

.027 

.075 

.027 

.090 

.032 

.330 

.032 

.078 

.032 

.078 

.032 

.078 

.032 

.078 

.032 

.  078 

.032 

.078 

.032 

.078 

.032 

.078 

.032 

.078 

.032 

.078 

.032 

•  211 

.025 

.075 

.025 

.121 

.025 

.121 

.025 

.121 

.025 

.121 

.025 

.317 

.025 

.163 

.025 

.121 

.025 

.121 

•  025 

.121 

.025 

.163 

.025 

.317 

.025 

.121 

.025 

.121 

.025 

.121 

.025 

.121 

.025 

.075 

.025 

15*» 
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REPORT  NO.  SER  651195 


TABLE  1  (continued) 


STRINGER  NO. 

8.L. 

W.L. 

AREA 

panel  thickness 

4i 

50.84 

97.000 

.137 

.025 

42 

53.00 

103.000 

.090 

•  025 

43 

53.00 

109.000 

.090 

.025 

44 

53.00 

115.000 

.090 

•  025 

45 

53.00 

121.000 

.109 

.025 

46 

53.00 

127.000 

.335 

.032 

47 

53.00 

133.000 

.195 

.032 

48 

53.00 

139.000 

.078 

•  032 

49 

53.00 

145.000 

.078 

.032 

50 

53.00 

151.000 

.078 

.032 

51 

53.00 

157.000 

.078 

•  032 

52 

53.00 

163.000 

.109 

.032 

53 

53.00 

169.000 

.090 

.027 

54 

50.42 

174.500 

.075 

.027 

55 

47.56 

180.000 

.075 

.027 

56 

43.50 

184.000 

.075 

.025 

57 

37.59 

187.620 

.075 

.025 

58 

31.81 

191.000 

.075 

.025 

59 

26.00 

191.000 

.075 

.024 

60 

20.00 

191.000 

.061 

.024 

61 

13.00 

191.000 

•  061 

.024 

62 

7.00 

191.000 

.061 

.024 

155 
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Sikorsky  Aircraft 
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TABLE  2  (continued) 


m.t 

r.s 

t 

».L 

Z 

W.L. 

i 

MHtt 

WIDTH 

|<W 

2i 

M 

? 

A 

•- 

A 

t 

19 

52.82 

115.0 

6. 

.032 

.0801 

B9 

.0301 

0. 

50 

52.61 

151.0 

6.01 

.032 

.0802 

.032 

.o3oi 

0. 

51 

52.38 

15T.0 

6.01 

.032 

.0852 

.032 

.0602 

*, 

52 

51.98 

163.0 

6.03 

.032 

.2.8? 

.032 

.3837 

.032 

53 

51.38 

169.0 

5.5! 

.027 

.127 

.01 

.0331 

.01*8 

51 

50.12 

171.7 

6.2 

,52? 

.0613 

.01 

.0618 

.0*8 

55 

17.16 

180.0 

5.7 

.027 

.0623 

.027 

.0618 

.01*6 

56 

13.50 

181.0 

6.93 

.025 

.2291 

.025 

.2133 

.ci*c 

57 

37.59 

187.62 

6.11 

.025 

.1197 

.025 

.'.197 

.0**0 

58 

31.81 

169.7 

5.91 

.025 

.1197 

.025 

.1197 

.0^0 

59 

26.0 

190.76 

6.0 

.025 

•2157 

.023 

.1197 

.050 

6o 

20.0 

191.0 

7.0 

.025 

•1193 

.025 

.5137 

.050 

61 

13.0 

191.0 

6.0 

025 

•1725 

.025 

.0995 

.C50 

62 

7.0 

191.0 

7.0 

.025 

•5001 

.025 

.2951 

.oi» 

0 

0 

0 


m 


.625 

.156 

.006 

.098 

.-135 

.1612 

.1612 

.2071 

.9726 

.11*59 
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Sikorsky  Aircraft 

»■» 


REPORT  HO.  SER  651195 


TABLE  3 

STRIKER  AUD  PANEL  STRUCTURAL  DATA,  62  STRINGER 
STRUCTURE,  FS  1*1*2  -522 


F.S.  = 

442-462. 

STRINGER 

NO*  8.L. 

W.L. 

1 

-.00 

191.000 

2 

-6.75 

191.000 

3 

-13.25 

191.000 

4 

-20.00 

191.000 

5 

-26.00 

190.760 

6 

-31.81 

189.700 

7 

-37.59 

187.620 

8 

-43.50 

134.000 

9 

-47.56 

130.000 

10 

-50.42 

174.500 

11 

-51.38 

169.000 

12 

-51.98 

163.000 

13 

-52.38 

157.000 

14 

-52.64 

151.000 

15 

-52.81 

145.000 

16 

-52.91 

139.000 

17 

-52.98 

133.000 

18 

-53.00 

127.000 

19 

-52.96 

121.000 

20 

-52.94 

115.000 

21 

-52.57 

109.000 

22 

-52.01 

103.000 

23 

-50.79 

97.000 

24 

-48.00 

92.000 

25 

-42.12 

88.687 

26 

-35.70 

87.555 

27 

-29.28 

87.125 

28 

-22.86 

87.010 

29 

-16.44 

87.000 

30 

-10.96 

87.000 

31 

5.48 

87.000 

32 

.00 

87.000 

33 

5.48 

87.000 

34 

10.96 

87.000 

35 

16.44 

87.000 

36 

22.66 

87.010 

37 

29.26 

87.125 

38 

35.70 

87.555 

39 

42.12 

88*687 

40 

46.00 

92.000 

AREA  PANEL  THICKNESS 


■  063 

.025 

,078 

.025 

,078 

.025 

.078 

.025 

.078 

.025 

.078 

.025 

.078 

.025 

.063 

.025 

.078 

.025 

.078 

.025 

.078 

.025 

.078 

.032 

.  063 

.032 

.063 

.032 

.063 

.032 

.078 

.025 

.078 

.025 

.078 

.025 

.078 

.025 

.078 

.025 

.078 

.032 

.078 

.025 

.078 

.025 

.100 

.025 

.100 

.025 

•  100 

.025 

.100 

.025 

.100 

.025 

.100 

.025 

.100 

.025 

.100 

.025 

.100 

.025 

.100 

.025 

.100 

.025 

.100 

.025 

.100 

.025 

•  100 

.025 

.100 

.025 

.100 

.025 

.100 

.025 
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COMFOMATION 


REPORT  NO.  SER  651195 


TABLE  3  (continued) 


STRINGER  NO. 

B.L. 

W.L. 

AREA 

PANEL  THICKNESS 

41 

50.79 

97.000 

.078 

.025 

42 

52.01 

103.000 

.078 

.032 

43 

52.57 

109.000 

.078 

.025 

44 

52.94 

115.000 

,078 

•  025 

45 

52.96 

121.000 

.078 

.025 

46 

53.00 

127.000 

.078 

•  025 

47 

52.98 

133.000 

.078 

.025 

46 

52.91 

139.000 

.078 

.032 

49 

52.81 

145.000 

.063 

.032 

50 

52.64 

151.000 

.063 

.032 

51 

52.37 

157.000 

.063 

.032 

52 

51.98 

163.000 

.078 

•  025 

"3 

51.38 

169*000 

.063 

.025 

54 

50.42 

174.500 

.078 

.025 

55 

47.56 

180.000 

*063 

.025 

56 

43.50 

184.000 

.078 

.025 

57 

37.59 

187.620 

.078 

.925 

58 

31.81 

189.700 

.078 

.025 

59 

26.00 

190.760 

.078 

.025 

60 

20.00 

191.000 

.078 

.025 

61 

13.25 

191.000 

.078 

.025 

62 

6.75 

191.000 

.078 

.025 
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TABLE  3  (continued) 


F.S.  = 

462-482. 

STRINGER 

NO.  8.L. 

W.L. 

AREA 

1 

-.00 

191.000 

•  063 

2 

-6.75 

191.000 

.078 

3 

-13.25 

191.000 

.078 

4 

-20.00 

191.000 

.076 

5 

-26.00 

190.760 

.0*8 

6 

-31.81 

189.700 

.078 

7 

-37.59 

187.620 

.078 

6 

-43.50 

184.000 

•  063 

9 

-47.56 

130*000 

.078 

10 

-50.42 

174.500 

.078 

11 

-51.38 

169.000 

.078 

12 

-51.98 

163.000 

.078 

13 

-52.38 

157.000 

.  C63 

14 

-52.64 

151.000 

•  063 

15 

-52.81 

145.000 

.063 

16 

-52.91 

139.000 

.078 

17 

-52.98 

133.000 

.  078 

18 

-53.00 

127.000 

.078 

19 

-52.96 

121.000 

.078 

20 

-52.94 

115.000 

.078 

21 

-52.57 

109.000 

.078 

22 

23 

-52.01 

-50.79 

103.000 

97.000 

.078 

.078 

24 

-48.00 

92.000 

.100 

25 

-42.12 

88.687 

•  100 

26 

-35.70 

37.555 

.100 

27 

-29.28 

87.125 

.100 

28 

-22.86 

87.010 

.100 

29 

-16.44 

87.000 

.100 

30 

-10.96 

87.000 

.100 

31 

5.48 

87.000 

.100 

32 

.00 

87.000 

.100 

33 

5.48 

37.000 

.100 

34 

10.96 

87.000 

•  100 

35 

16.44 

87.000 

.100 

36 

22.86 

87.010 

.100 

37 

29.28 

87.125 

•  100 

38 

35.70 

87.555 

.100 

39 

42.12 

88.687 

.100 

40 

48.00 

92.000 

.100 

panel  thickness 

.025 

•  025 

.025 

.025 

.025 

.025 

.025 

.025 

.025 

.025 

.032 

.032 

.032 

.032 

.032 

.032 

.032 

.025 

.025 

.025 

.025 

.040 

.050 

.040 

.040 

.040 

.040 

.025 

.025 

.025 

.025 

.025 

.025 

.025 

.025 

.040 

.040 

.040 

.040 

.050 


V 


y 
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Sikorsky  Aircraft  2*" 


REPORT  NO.  SER  651195 


TABLE  3  (continued) 


STRINGER  NO. 

8.L. 

W.L. 

AREA 

panel  thickness 

41 

50.79 

97.000 

.078 

.040 

42 

52.01 

103.000 

.078 

.025 

43 

52.57 

109.000 

.078 

.025 

44 

52.94 

115.000 

.078 

.025 

45 

52.96 

121.000 

.078 

.025 

46 

53.00 

127.000 

.078 

.032 

47 

52.98 

133.000 

.078 

•  032 

46 

52.91 

139.000 

.078 

.032 

49 

52.81 

145.000 

.  063 

.032 

50 

52.64 

151.000 

*063 

.032 

51 

52.37 

157.000 

•  063 

.032 

52 

51.98 

163.000 

.078 

.032 

53 

51.38 

169.000 

.  063 

.025 

54 

50.42 

174.500 

.078 

.025 

55 

47.56 

180.000 

*063 

.025 

56 

43.50 

184.000 

.078 

.025 

57 

37.59 

197.620 

.078 

.025 

58 

31.81 

189.700 

.078 

.025 

59 

26.00 

190.760 

.078 

.025 

60 

20.00 

191.000 

.078 

.025 

61 

13.25 

191.000 

.078 

.025 

62 

6.75 

191.000 

.078 

.025 
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REPORT  NO.  SER  651195 


TAliLE  3  (continued) 


F.S.  =  482-502. 


stringer  no. 

B.L. 

W.L, 

AREA 

panel  THICKNESS 

1 

-.00 

191.000 

*063 

.025 

2 

-6.75 

191.000 

.078 

.025 

3 

-13.25 

191.000 

.078 

.025 

4 

-20.00 

191.000 

.078 

.025 

5 

-26.00 

190.760 

.078 

.025 

6 

-31.81 

189.700 

.078 

.025 

7 

-37.59 

187.620 

.  078 

.025 

8 

-43.50 

184.000 

*063 

.025 

9 

-47.56 

190.000 

.078 

.025 

10 

-50.42 

174.500 

.078 

.025 

11 

-51.38 

169.000 

.078 

.025 

12 

-51.98 

163.000 

.078 

.032 

13 

-52.38 

157.000 

•  063 

.032 

14 

-52.64 

151.000 

*063 

.032 

15 

-52.81 

145.000 

.063 

.032 

16 

-52.91 

139.000 

.078 

.016 

17 

-52.98 

133.000 

.078 

.032 

18 

-53.00 

127.000 

.078 

.025 

19 

-52.96 

121.000 

.078 

.025 

20 

-52.94 

115.000 

.078 

.025 

21 

-5?. 57 

109.000 

.  078 

.025 

22 

-52.01 

103.000 

.078 

.020 

23 

-50.79 

97.000 

.270 

.050 

24 

-48.00 

92.000 

.100 

.040 

25 

-42.12 

88.687 

.100 

.040 

26 

-35.70 

87.555 

.100 

.040 

27 

-29.28 

87.125 

.100 

.040 

28 

-22.86 

87.010 

.100 

.025 

29 

-16.44 

87.000 

.100 

.025 

30 

-10.96 

87.000 

.100 

.025 

31 

5.48 

87.000 

.100 

.025 

32 

.00 

87.000 

.100 

.025 

33 

5.48 

87.000 

.100 

.025 

34 

10.96 

37.000 

.100 

.025 

35 

16.44 

37.000 

.100 

.025 

36 

22.86 

87.010 

.100 

.040 

37 

29.28 

37.125 

.100 

.040 

38 

35.70 

87,555 

.100 

.040 

39 

42.12 

88.687 

.100 

•  040 

40 

48.00 

92  ,000 

.100 

.050 
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SlkOfS Icy  fllrcrsft  **— €***»•  report  no.  ser  651195 


TAB  jE  3  (continued) 


STRINGER  NO. 

Q.L. 

W.L. 

AREA 

panel  thickness 

41 

50.79 

97.000 

.270 

.020 

42 

52.01 

1G3.000 

.078 

.025 

43 

52.57 

109.000 

.078 

.025 

44 

52.94 

115.000 

.  *78 

.025 

45 

52.96 

121.000 

.078 

-,025 

46 

53.00 

127.000 

.078 

.032 

47 

52.98 

133.000 

.078 

.016 

48 

52.91 

139.000 

.078 

.032 

49 

52.81 

145.000 

.063 

.032 

50 

52.64 

151.000 

.063 

.032 

51 

52.37 

157.000 

•  063 

.032 

52 

51.98 

163.000 

.078 

.025 

53 

51.38 

169.000 

•  063 

.025 

54 

50.42 

174.500 

.078 

.025 

55 

47.56 

180.000 

.  063 

.025 

56 

43.50 

184.000 

.078 

.025 

57 

37.59 

187.620 

.078 

.025 

58 

31.81 

189.700 

.078 

.025 

59 

26.00 

190.760 

.078 

.025 

60 

20.00 

191.  000 

.078 

.025 

61 

13.25 

191.000 

,078 

.025 

62 

6.75 

191.000 

.078 

.025 
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Sikorsky  Pircraft 


ownflN  op  uNrrco 


COAPOAATlON 


REPORT  NO.  SER  651195 


‘i'ABLE  3  (continued) 


F.S.  = 

502-522 . 

STRINGER 

NO.  9.L. 

W » L  • 

AREA 

panel  thickness 

1 

-.00 

191.000 

.063 

.025 

2 

-6.75 

191.000 

.078 

.025 

3 

-j.3.25 

191.000 

.078 

.025 

4 

-20.00 

191.000 

.078 

.025 

5 

-26.00 

190.760 

.078 

.025 

6 

-31.81 

189.700 

.078 

.025 

7 

-37.59 

187.620 

.078 

.025 

8 

-43.50 

134.000 

.063 

.025 

9 

-47.36 

130.000 

.078 

.025 

10 

-50.42 

174.500 

.078 

.025 

11 

-51.38 

169.000 

.0^8 

.025 

12 

-51.98 

163.000 

.0' 8 

.032 

13 

-52.38 

157.000 

.063 

.032 

14 

-52.64 

151.000 

.063 

.032 

15 

-52.81 

145.000 

.  063 

.032 

16 

-52.91 

139.000 

.078 

.032 

17 

-52.98 

133.000 

.078 

.032 

18 

-53.00 

127.000 

.078 

.025 

19 

-52.96 

121.000 

.078 

.025 

20 

-52.94 

115.000 

.078 

.025 

21 

-52.57 

109.000 

.078 

.025 

22 

-52.01 

103.000 

.078 

.040 

23 

-50.79 

97.000 

.270 

.050 

24 

-4e.oo 

92.000 

.157 

.040 

25 

-42.12 

88.687 

.157 

s  040 

26 

-35.70 

97.555 

.157 

.040 

27 

-29.28 

87.125 

.157 

.040 

28 

-22.86 

37.010 

.157 

.025 

29 

-16.44 

87.000 

.157 

.025 

30 

-10.96 

87.000 

.157 

.025 

31 

5.48 

97.000 

.157 

.025 

32 

•  00 

87.000 

.157 

.025 

33 

5.48 

87.000 

.157 

.025 

34 

10.96 

87.000 

.157 

•  025 

35 

16.44 

87.000 

.157 

.025 

3b 

22.86 

87.010 

•  157 

.040 

37 

29.28 

87.125 

.157 

•  040 

38 

35.70 

87.555 

.157 

.040 

39 

42.12 

88.687 

.157 

.040 

40 

48.00 

92.000 

.157 

.050 

164 

PAGE 

fifiniirm  i  1 1  1  >• 

REPORT  NO.  SER  651195 


Sikorsky  Aircraft 


CMV**ON  00  UMTS© 
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TABLE  3  (continued) 


STRINGER  NO. 

B.L. 

W.L. 

AREA 

panel  thickness 

41 

50.79 

97.000 

.270 

•  040 

42 

52.01 

103.000 

.078 

.025 

43 

52.57 

109.000 

.078 

.025 

44 

52.94 

115.000 

.078 

.025 

45 

52.96 

121.000 

.078 

.025 

4b 

53.00 

127.000 

.078 

.032 

47 

52.98 

133.000 

.  0'8 

.032 

48 

52.91 

139.000 

.078 

.032 

49 

52.81 

145.000 

«063 

.032 

50 

52.64 

151.000 

.063 

.032 

51 

52.37 

157.000 

•  063 

.032 

52 

51.98 

163.000 

.078 

.025 

53 

51.38 

169.000 

.  063 

.025 

54 

50.42 

174.500 

.078 

.025 

55 

47.56 

180.000 

.  v,o3 

.025 

56 

43.50 

184.000 

.078 

.025 

57 

37.59 

187.620 

.078 

.025 

58 

31.81 

189.700 

-078 

.025 

59 

26.00 

190.760 

.078 

.025 

60 

20.00 

191.000 

.078 

.025 

61 

13.25 

191.000 

.078 

.025 

62 

6.75 

191.000 

.078 

.025 

■u>5 
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ooupowation 


REPORT  NO.  SER  651195 


TABLE  U  (continued) 
FUSELAGE  STRINGER  &  STRINGER  LOCATION 
STATION  PANEL  NUMBER  B.L.  W.L. 

-20.0  190.9 
-13.2  190.9 
-6.8  190.9 
-6.8  190.9 


522.  (cont.)  1*3 
AFT  ^ 

1*5 
1*6 


STRINGER 
AREA  (IN2) 

.11*1* 

.078 

.137 

.137 


PANEL  THICKNESS 
(IN) 

.032 

.032 

.032 

.025 
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REPORT  NO.  SER  651195 


TABLE  5 

STRINGER  AND  PANEL  IDENTIFICATION 
RAMP  F.S.  522-612 


FUSELAGE  STRINGER  &  STRINGER  LOCATION  STRINGER  PANEL  THICKNESS 
STATION  PANEL  NUMBER  3.L.  W.L.  AREA  (IN2)  (IN) 


5UU.5 

AFT 


1 

6.8 

189.6 

.135 

.01+0 

2 

6.8 

190.9 

.135 

.032 

3 

13.2 

190.9 

.078 

.032 

i+ 

20. G 

190.9 

.lkh 

.025 

5 

25.1+ 

190.7 

.078 

.025 

6 

30.55 

189.6 

.078 

.025 

7 

36.15 

187.5 

.078 

.025 

8 

1+2.15 

183.9 

.078 

.025 

9 

1+6.25 

179.9 

.078 

.025 

10 

1+9.5 

171+.  7 

.078 

.025 

11 

50.9 

169.0 

.120 

.025 

12 

51.6 

163.0 

.063 

.025 

13 

52.0 

157.0 

.063 

.025 

lit 

52.35 

151.0 

.063 

.025 

15 

52.1+ 

11+5.0 

.063 

.025 

16 

52.1+ 

139.0 

.21+22 

.025 

17 

52.65 

133.0 

.063 

.025 

18 

52.7 

127.0 

.063 

.025 

19 

52.6 

121.0 

.063 

.025 

20 

52.35 

115.0 

.063 

.025 

21 

51  =  85 

190.0 

.063 

.025 

22 

ENDS  IN  BAY  522-5hk 

23 

50.6 

107.75 

1.2328 

0.0 

2h 

-50.6 

107.75 

1.1106 

.025 

25 

ENDS  IN  BAY  522-$kk 

26 

-51.85 

109.0 

.063 

.025 

27 

-52.35 

115.0 

.063 

.025 

28 

-52.6 

121.0 

.063 

.025 

29 

-52.7 

127.0 

.063 

.025 

30 

-52.65 

133.0 

.063 

.025 

31 

-52.1+ 

139.0 

.21+22 

.025 

32 

-52.1+ 

11+5.0 

.063 

.025 

33 

-52.35 

151.0 

.063 

.025 

31* 

-52.0 

157.0 

.063 

.025 

35 

-51.6 

163.0 

.063 

.025 

36 

-50.9 

169.O 

.120 

.025 

37 

-1+9.5 

171+.7 

.078 

.025 

38 

-1*6.25 

179.9 

.078 

.025 

39 

-1+2.15 

183.9 

.078 

.025 

1+0 

-36.15 

187.5 

.078 

.025 

1+1 

-30.55 

189.6 

.078 

.025 

1+2 

-25-1+ 

190.7 

.078 

.025 
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REPORT  NO. 


TABLE  5  (continued) 

STRINGER  LOCATION  STRINGER  PANEL 

B.L.  W.L.  AREA  (IN2) 

.lMt 


SER  651195 


THICKNESS 

(IN) 

032 


5LL.5  (cont.)  ^3 


-20.0 


190.9 


Sikorsky  Aircraft 


REPORT  NO.  SER  651195 


U 

e NV4QN  OP  UMTOO  AmCMATT  COWPOWAT ION 


TABLE  6 

STRINGER  AND  PANEL  IDENTIFICATION 
RAMP  F.S.  522-612 


FUSELAGE 

STRINGER  & 

STRINGER 

LOCATION 

STRINGER 

PANEL  THICKNESS 

STATION 

PANEL  NUMBER 

B.L. 

W.L. 

AREA  (IN2) 

(IN) 

567.0 

1 

6.8 

188.5 

.137 

.04 

AFT 

2 

6.8 

190.9 

.137 

.032 

3 

13.2 

190.9 

.078 

.032 

4 

20.0 

190.9 

.144 

.025 

5 

2L.75 

190.7 

.078 

.025 

6 

29.5 

189.6 

.078 

.025 

7 

35.0 

187.5 

.078 

.025 

8 

Ll.2 

183.9 

.078 

.025 

9 

L5.2 

179.9 

.078 

.025 

10 

L9.2 

174.7 

.078 

.025 

11 

50.75 

I69.O 

.120 

.025 

12 

51.6 

163.0 

.063 

.025 

13 

52.1 

157.0 

.063 

.025 

14 

52.3 

151.0 

.063 

.025 

15 

52.5 

145.0 

.063 

.025 

16 

52.5 

139.0 

.2422 

.025 

17 

52.6 

133.0 

.063 

.025 

18 

52.5 

127.0 

.063 

.025 

19 

52.2 

121.0 

.063 

.025 

20 

ENDS  IN  BhY  5M-567 

23 

52.0 

116.75 

1.2408 

0.0 

24 

-52.0 

116.75 

1.1166 

0.025 

27 

ENDS  IN  BAY  5UU-567 

28 

-52.2 

121.0 

.063 

.025 

29 

-52.5 

127.0 

.063 

.025 

30 

-52.6 

133.0 

.063 

.025 

31 

-52.5 

139.0 

.2422 

.025 

32 

-52.5 

145.0 

.063 

.025 

33 

-52.3 

151.0 

.063 

.025 

34 

-52.1 

157.0 

.063 

.025 

35 

-51.6 

1&3.0 

.063 

.025 

36 

-50.75 

169.0 

.1200 

.025 

37 

-L9.2 

174.7 

.078 

.025 

38 

-L5.2 

179.9 

.078 

.025 

39 

-41.2 

183.9 

.078 

.025 

1*0 

-35.0 

187.5 

.078 

.025 

1*1 

-29.5 

189.6 

.078 

.025 

1*2 

-2L.7 

190.7 

.078 

.025 

1*3 

-20.0 

190.9 

.144 

.032 

LI* 

-13.2 

190.9 

.076 

.032 

L5 

-6.8 

190.9 

.137 

.04o 

L6 

-6.8 

188.5 

.137 

.025 

lYu 
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REPORT  NO.  SER  651195 


Sikorsky  Aircraft 


OlVMlON  Of  UNfimO 


u 

K 


T  CO$momATtOH 


I 

[TABLE  7 

STRIIIGER  AND  PANEL  IDENTIFICATION 
RAMP  F.S.  522-612 


l 


SF 

FUSELAGE 

STRINGER  & 

STRINGER 

LOCATION 

STRINGER 

PANEL  THICKNESS 

K 

STATION 

PANEL  NUMBER 

B.L. 

W.L. 

AREA  (IN2) 

(IN) 

* 

589.9 

1 

6.8 

187.65 

.i4oo 

.040 

i 

A.FT 

2 

6.8 

190.9 

.1400 

.032 

f. 

/VI  X 

3 

13.2 

190.9 

.0780 

.032 

| 

4 

20.0 

190.9 

.1440 

.025 

• 

5 

ENES  AT  F.S.  589. 

5 

6 

28.2 

189.6 

078 

.025 

1 

7 

33.5 

187.5 

.078 

.025 

8 

39.75 

183.9 

.078 

.025 

£ 

l 

9 

44.20 

179.9 

.078 

.025 

10 

48.25 

m.7 

.078 

.025 

11 

50.3 

169.0 

.1200 

.025 

12 

51.3 

163.0 

.063 

.025 

h 

13 

51.9 

157.0 

.063 

.025 

t 

14 

52.15 

151.0 

.063 

.025 

15 

52.3 

11*5.0 

.063 

.025 

16 

52.3 

139.0 

.1940 

.025 

i 

17 

52.2 

133.0 

.063 

.025 

V 

> 

18 

ENDS  AT 

F.S.  589 

.5 

t 

& 

19 

ENDS  IN  BAY  567-589.5 

if 

23 

Cl  ftq 
./X  *Uy 

126.  4 

1.2248 

0.0 

: 

Cl 

24 

./X-  * 

-51-35 

126.4 

1.1042 

.025 

28 

ENDS  IN  3AY  567-589. 

.5 

w 

29 

ENDS  AT 

F.S.  589.5 

A 

30 

052.2 

133.0 

.063 

.025 

•4- 

31 

-52.3 

139.0 

.1942 

.025 

1 

32 

-52.3 

145.0 

.063 

.025 

1 

33 

-52.15 

151.0 

.063 

.025 

1 

34 

-51.90 

157.0 

.063 

.025 

> 

f 

35 

-51.3 

163.0 

.063 

.025 

36 

-50.3 

169.0 

.1200 

.025 

K 

* 

37 

-48.25 

174.7 

.078 

.025 

\ 

38 

-44.2 

179.9 

.078 

.025 

l 

39 

-39.75 

183.9 

.078 

.025 

• 

40 

-33.5 

187.5 

.078 

.025 

41 

-28.2 

189.6 

.078 

.025 

■i 

42 

ENDS  AT 

F.S.  589.5 

J, 

■ 

43 

-20.0 

190.9 

.1440 

.032 

* 

44 

-13.2 

190.9 

.078 

.032 

45 

-6.8 

190.9 

.1370 

.040 

r 

46 

-6.8 

187.65 

.1370 

.025 

I 
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Sikorsky  Aircraft 


U 

K 
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REPORT  NO.  SER  65H95 


TABLE  9 

STRINGER  AND  PANEL  IDENTIFICATION 
TAIL  CONE  F.3.  612-746 


FUSELAGE  STRINGER  &  STRINGER  LOCATION 

STATION  PANEL  NUMBER  B.L.  Vi.L- 


STRINGER 
AREA  (IN2) 


612. 

AFT 


1 

-6.8 

2 

-6.8 

3 

-13.2 

4 

-20.0 

5 

-27.1 

6 

-32.3 

7 

-38.5 

8 

-42.5 

9 

-44.8 

10 

-47.1 

11 

-48.3 

12 

-49.5 

13 

-44.0 

14 

-38.5 

15 

-29.0 

16 

-17.5 

17 

-6.84 

18 

0. 

19 

6.84 

20 

17.5 

21 

29.0 

22 

38.5 

23 

44.0 

24 

49.5 

25 

47.1 

26 

42.5 

27 

38.5 

28 

32.3 

29 

27.1 

30 

20.0 

31 

13.2 

32 

10.0 

33 

6.8 

34 

6.8 

188.0  .082 

192.3  .082 

192.3  *072 

192.1  *2l4 

191.1  -078 

189.6  .072 

186.4  .072 

182.8  .070 

179.85  0-0 

176.9  *072 

173.45  0.0 

170.0  0.50 

170.0  .216 

170.0  .0599 

170.0  .0599 

170.0  .0599 

170.0  .1445 

170.0  .0599 

170.0  .1445 

170.0  .0599 

170.0  .0599 

170.0  .0599 

170.0  .2160 

170.0  .500 

176.9  .072 

182.8  .072 

186.4  .072 

189.6  .072 

191.1  .078 

192.1  .211* 

192.3  0.0 

192.3  .072 

192.3  .082 

188.0  .082 


PANEL  THICKNESS 
(IN) 

.040 

.032 

.040 

.040 

.040 

.040 

.040 

.040 

.040 

.040 

.040 

.063 

.032 

.032 

.032 

.032 

.056 

.056 

.032 

.032 

.032 

.032 

.063 

.040 

.040 

.040 

.040 

.040 

.040 

.032 

.032 

.032 

.040 

.025 
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Sikorsky  Plrcraft 


«V**».  OP  UMTVO 


COW>OW  ATH3N 


REPORT  NO.  SER  651195 


TABLE  10 

STRINGER  AND  PANEL  IDENTIFICATION 
TAIL  CONE  F.S.  612-746 


FUSELAGE 

STRINGER  & 

STRINGER 

LOCATION 

STRINGER 

PANEL  THICKNESS 

STATION 

PANEL  NUMBER 

B.L. 

W.L. 

AREA  (IN2) 

(IN) 

650.5 

1 

-6.75 

186.8 

.082 

.040 

AFT 

2 

-6.75 

192.7 

.082 

.032 

3 

-13.2 

192.7 

.072 

.032 

4 

-20.0 

192.2 

.214 

.032 

5 

-21*.  9 

191.4 

.072 

.032 

6 

-29.8 

190.0 

.072 

.032 

7 

-36.1 

187.0 

.072 

.032 

8 

-1*0.2 

183.5 

.072 

.032 

9 

-1*2.15 

180.5 

0.074 

.032 

10 

-1*1*.  1 

177.5 

.072 

.032 

11 

-1*5.1 

173.75 

0.074 

.032 

12 

-1*6.1 

170.0 

1.48 

.063 

13 

-38.7 

170.0 

.338 

.032 

11* 

-32.5 

170.0 

.0599 

032 

15 

-24.0 

170.0 

.0599 

.032 

16 

-15.8 

170.0 

.0599 

.032 

17 

-6.84 

170.0 

.1462 

.032 

18 

0.0 

170.0 

.0599 

.032 

19 

6.84 

170.0 

.1462 

.032 

20 

15.80 

170.0 

.0599 

.032 

21 

24.0 

170.0 

.0599 

.032 

22 

32.5 

170.0 

.0599 

.032 

23 

38.7 

170.0 

.338 

.063 

21* 

46.1 

170.0 

1.48 

.032 

25 

44.1 

177.5 

.072 

.032 

26 

40.2 

183.5 

.072 

.032 

27 

36.1 

187.0 

.072 

.032 

28 

29.8 

190.0 

.072 

.032 

29 

24.9 

191.4 

.072 

.032 

30 

20.0 

192.2 

.214 

.032 

31 

16.6 

192.45 

0.0 

.032 

32 

13.2 

192.7 

.072 

.032 

33 

6.75 

192.8 

.082 

,04o 

31* 

6.75 

186.8 

.082 

.032 

17** 
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REPORT  HO.  SER  651195 


Sikorsky  Aircraft  o~*~o'~T,° 


TABLE  11 

STRINGER  AND  PANEL  IDENTIFICATION 
TAIL  CONE  F.S.  612-746 


FUSELAGE 

STRINGER  & 

STRINGER  LOCATION 

STRINGER 

PANEL  THICKNESS 

STATION 

PANEL  NUMBER 

3.L. 

V-L. 

.REA  (IN2) 

(IN) 

689.5 

1 

-6.75 

185.6 

.082 

.040 

AFT 

2 

-6.75 

193.2 

.082 

.032 

3 

-13.25 

192.9 

.072 

.032 

4 

-20.0 

192.1 

.214 

.032 

5 

-  4.9 

191.4 

0.0 

.032 

6 

-27.1 

190.2 

.072 

.032 

7 

-33.0 

187.0 

.072 

.032 

8 

-36.7 

183.5 

.076 

.032 

9 

-38.0 

179.5 

.074 

.032 

10 

-38.9 

177.4 

.072 

.032 

11 

-39.0 

173.7 

.074 

.032 

12 

-33.2 

170.0 

.743 

.063 

13 

-33.1 

170.0 

.332 

.032 

14 

-32.5 

170.0 

.0599 

.032 

15 

-24.0 

170.0 

.0599 

.032 

16 

-15.8 

170.0 

.0599 

.032 

17 

-6.34 

170.0 

.1462 

.032 

18 

0.0 

170.0 

0.0 

.032 

19 

6.84 

170.0 

.1462 

.032 

20 

15.8 

170.0 

.0599 

.032 

21 

24.0 

i?0.0 

.0599 

.032 

22 

32.5 

170.0 

.0599 

.032 

23 

33.1 

170.0 

.332 

.063 

24 

38.2 

170.0 

.743 

.032 

25 

38.9 

177-4 

.072 

.032 

26 

36.7 

183.5 

.076 

.032 

27 

33.0 

187.0 

.072 

.032 

28 

27.1 

190.2 

.072 

.032 

29 

24.9 

191.5 

0.0 

.032 

30 

20.0 

192.1 

.214 

.032 

31 

18.2 

192.8 

.300 

.032 

32 

13.25 

192.9 

.072 

.032 

33 

6.75 

193.2 

.082 

,040 

34 

6.75 

185.6 

.082 

.032 
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REPORT  NO.  SER  651195 


Sikorsky  aircraft 


TABLE  12 

STRINGER  AND  PANEL  IDENTIFICATION 
TAIL  CONE  P.S.  612-746  ' 


FUSELAGE 

STRINGER  & 

STRINGER 

LOCATION 

STRINGER 

PANEL  THICKNESS 

STATION 

PANEL  NUMBER 

B.L. 

W.L. 

AREA  (IN2) 

(IN) 

706. 

1 

-6.8 

185.1 

.082 

.040 

AFT 

2 

-6.8 

193.5 

.082 

.032 

3 

-13.3 

193.1 

.072 

.032 

U 

-19.3 

192.2 

.214 

.032 

S 

-22.6 

191.15 

O.C 

.032 

6 

-25.9 

190.1 

.072 

.032 

7 

-31.5 

186.4 

.072 

.032 

8 

-34.4 

182.5 

.101 

.032 

9 

-34.85 

179.85 

0.0 

.032 

10 

-35.3 

177.2 

.I06 

.032 

11 

-34.6 

173.6 

0.0 

.032 

12 

-34.0 

170.0 

.825 

.063 

13 

-30.7 

170.0 

.518 

.032 

14 

-23.1 

170.0 

.095 

.049 

15 

-16.5 

170.0 

.0599 

.049 

16 

-10.0 

170.0 

0.0 

.049 

17 

-6.84 

170.9 

.1462 

.057 

18 

0.0 

170.0 

0.0 

.057 

19 

6.84 

170.0 

.1462 

.032 

20 

10.0 

170.0 

0.0 

.032 

21 

16.5 

170.0 

.0599 

.032 

22 

23.1 

170.0 

.0599 

.032 

23 

30.7 

1T0.0 

.334 

.063 

24 

34.0 

170.0 

.813 

.032 

25 

35.3 

177.2 

.072 

.032 

26 

34.4 

182.5 

.073 

.032 

27 

31.5 

186.4 

.072 

.032 

28 

25.9 

190.1 

.072 

.032 

29 

22.6 

191.5 

0.0 

.032 

30 

19.3 

192.2 

.214 

.032 

31 

17  6 

192.65 

.300 

.032 

32 

13.3 

193.1 

.072 

.032 

33 

6.8 

193.5 

.082 

.040 

34 

6.8 

185.1 

.082 

.032 

176 

PAGE 


Sikorsky  Plrcraft 


REPORT  NO  SER  651195 


TABLE  14  { 

STRINGER  AND  PANEL  IDENTIFICATION  * 

TAIL  CONE  F.S.  612-746  -i 


FUSELAGE 

STRINGER  & 

STRINGER 

LOCATION 

STATION 

PANEL  NUMBER 

B.L. 

W.L. 

71*6.88 

1 

-6.8 

184.6 

FORWARD 

2 

-6.8 

194.8 

3 

-13.3 

193.9 

4 

-18.6 

192.1 

5 

-19.99 

191.1 

6 

-21.32 

190.1 

7 

-22.6 

189.1 

8 

-25.0 

183.0 

9 

-25.55 

181.0 

10 

-36.10 

179.0 

11 

-24.35 

174.5 

12 

-22.6 

170.0 

13 

-19.6 

170.0 

14 

-15.2 

170.0 

15 

-12.0 

170.0 

16 

-8.0 

170.0 

17 

-6.89 

170. C 

18 

0.0 

170.0 

19 

6.84 

170.0 

20 

8.0 

170.0 

21 

12.0 

170.0 

22 

17.5 

170.0 

23 

19.6 

170.0 

24 

2,'.. 6 

170.0 

25 

24  .7 

179.0 

26 

24.; 

180.8 

27 

25.1 

182.6 

28 

22.6 

189.1 

29 

20.5 

190.9 

30 

17.5 

192.7 

31 

15.4 

1S3.3 

32 

13.3 

193.9 

33 

6.9 

194.8 

:<u 

6.9 

184.6 

STRINGER 

PANEL  THICKNESS  e 

AREA  (IN2) 

(IN)  | 

r* 

•  C90 

350  1 

.032 

.050 

.072- 

.050  1 

.  j  >60 

.050  1 

o.c 

.050  | 

0.0 

-070  1 

1.562 

.050  ? 

3.6480 

.060  i 

0.0 

.060  1 

3.6480 

.090  % 

0.0 

.090  | 

.6450 

.063 

.5180 

.063  1 

.1512 

.063  1 

0.0 

.063  I 

0.0 

.063  I 

.4130 

.063  1 

.1175 

.063  1 

.4130 

.063  | 

0.0 

.063  's 

0.0 

.063  | 

4.42 

0.0  4 

.572 

0.0  1 

.7950 

.060  1 

.072 

.050  I 

0.0 

.050  1 

.1440 

.050  | 

.072 

.050  9 

0.0 

.050  * 

1.1190 

.060  ; 

1.3 

.060  I 

.072 

.050  I 

.090 

.050  1 

.082 

.050  § 

5 
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TABLE  17 

CH-53,  FRAN  TEST  VEHICLE 
HORIZONTAL  PANEL  POINT  DISTRIBUTION 


PANEL 

POINT 

NO. 

W(LB) 

X(STA) 

Z(WL) 

xoxx 

(LB-IN-SLC2) 

lovy 

(LB-lll-SEC2) 

(LB-IN-SEC2) 

1 

381.2 

108.000 

129.536 

1158. 

533. 

625. 

2 

452.8 

162.000 

131.515 

2440. 

1216. 

3.228. 

3 

280.7 

202.000 

134.252 

2155. 

1090. 

1097. 

L 

176.7 

242.000 

141.397 

1377. 

757. 

626. 

5 

119.0 

262.000 

142.674 

935. 

549. 

391. 

6 

102.9 

282.000 

139.606 

778. 

428. 

355. 

7 

134.9 

302.000 

142.172 

1048. 

579- 

473. 

8 

285.8 

322.000 

159.34 6 

2287. 

1453. 

838. 

9 

148.6 

342.000 

129.428 

1101. 

731. 

374. 

10 

248.4 

362.000 

153.855 

1920. 

1148. 

777. 

li 

155.2 

382.000 

131.805 

1258. 

759. 

504. 

12 

151.2 

402.000 

136.304 

1213. 

662. 

557. 

13 

322.7 

442.000 

133.614 

2531. 

1351. 

II89. 

14 

189.9 

482.000 

134.792 

1466. 

748. 

741. 

15 

122.5 

522.000 

133.483 

925. 

533. 

412. 

16 

2.53.8 

567.000 

151.874 

1399. 

679. 

1143. 

17 

140.4 

632.000 

168.894 

567. 

155. 

458. 

18 

144.5 

689.000 

174.401 

263. 

42. 

274. 

19 

182.2 

744.000 

179-093 

189. 

45. 

156. 

TOTAL  WEIGHT  =  3973.  .  LB 


CENTROID  (IN.) 


X  =  357.95 


Y  =  .00 


Z  =  143,03 


y'VFf&Z.  %  * *?**&--t*  $  «** 


W~ 
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OTVMN  OP  uwno  MMMAPT  COPPOHAT0N 
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TABLE  18 
FRAN  PHASE  I 

APPENDAGE  MASS  DATA  SUMMARY  CH-53A 


ADAPTER  & 
LOWER  PLATE 


SHAKER 


MAIN  GEARBOX 
HOUSING 


WEIGHT 

(LBS) 

5-1. 

1*10. 

601 

Xcg 

F.  STA. 

336.3 

336.0 

339 

Ycg 

F.  3.L. 

0. 

0. 

0 

Zcg 

F.  W.L. 

257.0 

261*. 

207 

lox 

LB.  IN.2 

56,95**. 

2l*,860. 

13U,U06 

Ioy 

LB.  IN.2 

125,201. 

7,9 1*6. 

13l*,l*08 

Ioz 

LB.  IN.2 

182,831. 

l6,9lU. 

180,025 

Sikorsky  Aircraft  ~  w-t" 
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TABLE  19 

SIX  BAY  ORIGINAL  DEGREE  OF. FREEDOM  MASS  MATRIX 


0.0.  F. 

MASS 

D.OF 

MASS 

MASS 

1 

.9865 

2 

1.1716 

3 

.7264 

4 

.4572 

5 

.3079 

6 

.2596 

7 

.7052 

8 

.4914 

9 

.3170 

10 

.6050 

11 

.3633 

12 

.3739 

13 

.4715 

14 

.9665 

15 

1.1718 

16 

.7264 

17 

.4572 

18 

.3079 

19 

.2598 

20 

.7052 

21 

.4914 

22 

.3170 

23 

.6050 

24 

.3633 

26 

.3739 

26 

.4715 

27 

.9865 

26 

1.1718 

29 

.7264 

30 

.4572 

31 

.3079 

32 

.2598 

33 

.7052 

34 

.4914 

35 

.3170 

36 

.6050 

37 

.3633 

38 

.3739 

39 

.4715 

40 

1157.9999 

41 

2440.0000 

42 

2155.0000 

43 

1377.0000 

44 

935.0000 

45 

614.0000 

46 

2124.0000 

47 

1465.9999 

48 

925.0000 

49 

1399.0000 

50 

567.0000 

51 

263.0000 

62 

169.0000 

53 

533.0000 

54 

1215.9999 

55 

1090.0000 

56 

757.0000 

57 

549.0000 

56 

427.0000 

59 

1136.0000 

60 

748.0000 

61 

533.0000 

62 

679.0000 

63 

155.0000 

64 

42.0000 

65 

45.0000 

66 

625.0000 

67 

1226.0000 

68 

1096.9999 

69 

626.0000 

70 

391.0000 

71 

392.0000 

72 

993.0000 

73 

741.0000 

74 

412.0000 

75 

1143.0000 

76 

456.0000 

77 

274.0000 

78 

156.0000 

79 

.2663 

60 

.0336 

81 

.0277 

82 

.0336 

83 

.0858 

84 

.0283 

65 

.0259 

86 

.0283 

87 

.0358 

68 

.1709 

a? 

.0302 

90 

.0277 

91 

.0302 

92 

.1709 

93 

.0934 

94 

.0439 

95 

.0403 

96 

.0439 

97 

.0934 

98 

.1535 

99 

.0344 

100 

.0316 

101 

.0344 

102 

.1535 

103 

.0253 

104 

.0208 

105 

.0253 

106 

.1100 

107 

.0377 

108 

.0346 

109 

.0377 

110 

.1100 

111 

.2613 

112 

.2663 

113 

.0475 

114 

.0475 

115 

.0443 

116 

.0416 

117 

.0412 

118 

.0412 

119 

.0416 

120 

.0443 
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REPORT  NO.  SER  651195 


TABLE  I'J  (continued) 


0.0. F. 

MASS 

[j  •  0  .  F  . 

•4ASS 

D.O.F. 

MASS 

121 

.1164 

122 

.0545 

123 

.0441 

124 

.0441 

126 

.0545 

126 

.1164 

127 

.0466 

12c- 

.0468 

129 

.0641 

130 

.0641 

131 

.0468 

132 

.0466 

133 

.1001 

134 

.0534 

135 

•  0503 

13b 

.0503 

137 

.0534 

138 

.1001 

139 

.0357 

140 

.0357 

141 

.0531 

142 

.0670 

143 

.0551 

144 

.0551 

146 

.0570 

146 

.0531 

147 

.2613 

148 

•  2663 

149 

.0949 

150 

.0363 

151 

.0216 

152. 

.0279 

153 

.0825 

!54 

.0279 

135 

.0216 

156 

.0363 

157 

.1068 

156 

.0249 

159 

.0392 

1.60 

.0682 

161 

.0392 

162 

.0249 

163 

.1068 

lt>4 

.03'/  0 

165 

.0217 

166 

.0345 

167 

.1282 

168 

.0345 

169 

.0217 

170 

.0370 

171 

.0929 

172 

.0213 

173 

.0392 

174 

.1005 

175 

.0392 

.  •»  » 
i  i  n 

.0213 

177 

.0293 

178 

.0714 

179 

.0438 

180 

.0202 

181 

.0455 

162 

.1101 

183 

.0455 

184 

.0202 

166 

.0438 

186 

.2613 

187 

778.0000 

16n 

42e.0000 

189 

355.0000 

190 

804.0000 

191 

447.0000 

192 

361.0000 

193 

4.630o 

194 

4.6308 

195 

4.6308 

196 

26ol.2o00 

1^7 

2477.8600 

198 

1767.0500 
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REPORT  NO.  SER  651195 


TABLE  20 

FUSELAGE  BENDING  AND  TORSION  PROPERTIES 


FUSELAGE 

NEUTRAL  AXIS 

iy. 

J. 

STATION 

B.L.(IN) 

W.L.(IN) 

(IN'*) 

(IN1*) 

(IN1*) 

162. 

1.96 

125.0 

23480. 

23818. 

41568. 

182. 

6.259 

125.3 

29573. 

22729. 

44938. 

202. 

5.79 

126.6 

30430. 

21141. 

38069. 

222. 

2.31 

130.8 

28352. 

22663. 

31200. 

242. 

1.33 

132.4 

26041. 

27443. 

31900. 

262. 

.73 

135.4 

25343. 

27000. 

32600. 

282. 

.18 

137.5 

26783. 

30546. 

35995. 

402. 

-.24 

133.0 

26000. 

27369. 

36100. 

422. 

.08 

134.2 

25807. 

28500. 

34900. 

442. 

-.17 

136.7 

23729. 

27062. 

32250. 

462. 

0.0 

140.4 

21223. 

23951. 

29600. 

482. 

.037 

140.5 

20298. 

21773. 

30250. 

502. 

.055 

143.0 

18654. 

22044. 

30900. 

522. 

.24 

151.05 

14997. 

24606. 

31000. 

544.5 

.51 

153.8 

13262. 

24o85 . 

RAMP 

567. 

.58 

157.3 

10527. 

23000. 

RAMP 

589.5 

.61 

162.1 

7537. 

20154. 

RAMP 

612. 

.62 

165.9 

5473. 

17879. 

2062. 

650.5 

-.034 

178.3 

1159. 

15378. 

1762. 

689.5 

-.55 

179.0 

990. 

8578. 

1503. 

706. 

-.54 

179.0 

1062. 

7”T3. 

1396. 

736.9 

-6.04 

180.75 

1190. 

6063. 

1730. 

746.9 

-4.3 

179.6 

2285. 

Il4l6. 

1491. 
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TABLE  21 

LUMPED  SKIN  AND  STRINGER  AXIAL  AREAS,  30  STRINGER  MODEL 
FS  262-UU2 


Sikorsky  Pircroft  » >«"*> ooooww*  report  no.  ser  651195 


TABLE  22 

LUMPED  SKIN  AND  STRINGER  AXIAL. AREAS,  62  STRINGERS,  FS  262-41*2 


y  z 


1 

0. 

191.0 

.2398 

.255-'- 

.  3601 

0. 

0. 

0.2682 

0.2751 

.2551 

.2551 

2 

-7.0 

191.0 

.6718 

.0*95 

1.570 

0. 

0. 

1.317 

.160 

.2199 

.16-9 

3 

-13.0 

191.0 

.9215 

.2182 

.3128 

0. 

0. 

.397 

.1225 

.2129 

.2129 

1 

-20.0 

191- 

.7185 

.5875 

1.1862 

2.885 

2.888 

l.’SS 

.3675 

.3109 

.3109 

5 

-26-.  0 

190.7b 

.3616 

.2986 

.1156 

.‘.391 

.1691 

.3822 

.221? 

.2969 

.2969 

-6 

-3i.Sl 

189.7 

.3003 

903 

.1022 

.3686 

.3886 

.332 

.3201 

.298 6 

.2989 

7 

-37.59 

187.67 

.3131 

.3131 

.1226 

.1090 

.1090 

.1931 

.'3571 

.3356 

.3111 

b 

-1*3.5 

181.0 

.3880 

.3719 

.6959 

1360 

.1010 

.5111 

.2825 

.2825 

.2383 

9 

-1*7 . 56 

180.0 

.225*. 

.2657 

.3836 

.3712 

.3301 

.5252 

.3188 

.3312 

.2291 

10 

-50.1*2 

171.5 

.2236 

.3001 

.3787 

.3713 

•  328C 

.2396 

.2880 

.3258 

.2167 

11 

-51-38 

169.0 

.2916 

.  3261 

.3801 

.3771 

.32 29 

.3102 

.2853 

.3219 

.2657 

12 

-52.98 

163.  u 

.<*113 

.5ei3 

.7211 

.1969 

.3613 

.3508 

.3832 

.3366 

.5216 

13 

-52.38 

157.0 

.2727 

.2727 

• 

.3183 

.2703 

.3301 

.3128 

0. 

.3629 

Hi 

-52.61 

151. C 

.2720 

.2726 

0. 

.2702 

.2702 

.3122 

.3011 

0. 

.3397 

15 

-52.32 

ll?.0 

.2721 

.2721 

0. 

.2700 

.2700 

.  3270 

.3605 

0. 

.3395 

16 

-52.91 

139.0 

.1119 

.5511 

.5061 

.1130 

.3260 

- 

.3685 

.2665 

.1613 

17 

-52.98 

133.0 

.2721 

.2721 

.1108 

.1500 

.3670 

.26Ui, 

.3395 

.3395 

.2915 

18 

-53.0 

127.0 

.3201 

.3201 

.3201 

.1100 

.3570 

.2610 

.137 

.1370 

.1130 

19 

-5?.96 

121.0 

.2721 

.2721 

.3168 

.3620 

.3190 

.2610 

.3395 

.3395 

.3395 

SO 

-52. 6*. 

1.1  0 

.2726 

.2725 

.3169 

.3192 

.3192 

.261 2 

.3397 

-3697 

.3697 

21 

-52,57 

109.0 

.2730 

.2730 

.6210 

.3516 

.2916 

.•  b**fc 

.3103 

.3703 

.7295 

22 

-52.01 

103.0 

.2?lb 

.2718 

.3716 

.3912 

.3652 

.  1032 

.3863 

.3863 

.1580 

23 

-50.81 

97.0 

.1112 

.5592 

.1112 

.6673 

.667-, 

.5351 

.6213 

.6103 

.6168 

21* 

-18.0 

92.0 

.2136 

.2991 

.2190 

.2612 

.2(  i2 

.--.m 

1.1162 

1.1167 

1.2052 

25 

-12.12 

83.63 

.2723 

.2723 

.2721 

.275? 

•  *759 

.321? 

.31 '>7 

.3187 

.3167 

26 

-35.7 

37.55 

.2682 

.2663 

.2683 

.27)9 

.2719 

.3072 

.3162 

.3136 

.3136 

27 

-20.23 

87.13 

.2670 

.2679 

.2870 

.2708 

.2706 

.305^ 

.3120 

.3120 

.3120 

28 

-22.86 

87.01 

.3011 

.3011 

.3011 

.2795 

.2795 

.3310 

.2973 

.3371 

.3371 

29 

-16.11 

87.0 

.2551 

'  .2551 

.2551 

.2677 

.2677 

.2500 

.2179 

.2697 

.3182 

30 

-10.96 

87.0 

.2511 

.2511 

.25H 

.2667 

.2667 

.2190 

.25H 

.1061 

•  25H 

31 

-1.62 

67.0 

.2131 

.2131 

2.23'- 

3.679 

1.816 

.2917 

.2131 

.1061 

.2131 
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REPORT  NO.  SER  651195 


FABLE  22  (continued) 


STR  »  B.L. 


O.u 

2 

87.0 

.2326 

.23 26 

_ 2£ 

.2326 

0. 

- 2 a 

1.01*7 

1.092 

.2189 

.1061* 

.2326 

5.48 

87.0 

.21*31* 

.21*31* 

.21*31* 

0. 

.2908 

.3055 

.2297 

.1061* 

.21*31* 

10.96 

87.0 

.21*31* 

.2l*3l» 

.21*31* 

0.125 

.21.70 

.2370 

.2l*3l* 

.1061* 

.21*31* 

16.44 

87.0 

.21*31* 

.21*31* 

.21*34 

0. 

.21*70 

.2370 

.2861* 

.258 

.3065 

22.86 

87.01 

•21*99 

.2199 

,2V  9 

.33U5 

.2160 

.261*5 

.2709 

.2601* 

.2601* 

29.26 

87.22 

.2669 

.2669 

.2660 

.2795 

.2795 

.2997 

.3188 

.3013 

.3013 

35.1*0 

87.55 

.3109 

.3109 

.3109 

.3235 

.3235 

-3560 

.3662 

.3682 

.3682 

1*2.12 

68.69 

.2723 

.2723 

.2723 

.311*9 

.281*9 

.331*3 

.31*57 

.3187 

.3167 

1*8.0 

92.0 

.2186 

.3707 

.21*90 

.2612 

.2612 

.2950 

1.1126 

1.11*62 

1.2052 

50. ->6 

97. C 

.1*181* 

.1*616 

.1*759 

.6673 

.6673 

.5951 

.620? 

.6103 

.61*68 

52.02 

103.0 

.2321 

.2321 

.4.73 

.3892 

.3632 

.281*2 

.3863 

.3863 

.1*580 

52.58 

109.0 

.2309 

.2309 

.6500 

.3656 

.2766 

.261*6 

.31*03 

.3703 

.1*005 

52. 81* 

115.0 

.2305 

.2305 

.3600 

.31*72 

.31*72 

.261*2 

.3397 

.3697 

.3697 

52.97 

121.0 

.2301* 

.2301* 

.3598 

.3600 

.31*70 

.261*0 

.3395 

.3395 

.3395 

53.0 

127.0 

..3911* 

.2911* 

'  .3806 

.v/80 

.3550 

*2o^t 

.1*370 

.1*370 

.1*130 

52.98 

133.0 

.272U 

.2721* 

.1*818 

.1*500 

.3670 

.261*0 

.3395 

.3695 

.2915 

52.92 

139.0 

.<•1*19 

•  551*!. 

.506U 

.1*1*30 

.3260 

.270 

.3865 

.2965 

.1*91*3 

5?  82 

11*5.0 

272** 

.2721* 

0. 

.2700 

.2700 

.360 

•  ■•1*55 

0. 

.3995 

52.61* 

151.0 

.2725 

.2726 

0. 

.2702 

.2700 

.3672 

.3311 

0. 

.3997 

52.36 

157.0 

.2727 

.2727 

0. 

.31*83 

.2702 

.3604 

.3519 

0. 

.1*029 

51.98 

163.0 

.1*1*13 

.5813 

.7215 

.1*969 

.3618 

.3508 

.1*321* 

.351*7 

.51*1*6 

51.38 

169.0 

.2988 

.2015 

.3861* 

.3771 

.3229 

.3602 

.3317 

.326c 

.2657 

50.12 

m.7 

.2239 

.3001* 

.3787 

.3911* 

.31*91 

.3396 

.3351 

.3273 

.2467 

1*7. 1*6 

1S0.0 

.2251* 

.2657 

.3926 

.™i»3 

•  3515 

.51*80 

.3201* 

.3997 

.2291 

**3.50 

18«.  0 

.3930 

.3769 

.688? 

.1*561 

.1*261 

.3576 

.2825 

.2825 

.2383 

37-59 

187.62 

.3131 

.3131 

.l*0?0 

.1*31*9 

.5281* 

.3571 

.3356 

.3114 

31.81 

189.7 

.3003 

.3003 

.1.022 

.3886 

.-1U5 

.3088 

.3201 

.2986 

.2986 

26.0 

190.76 

•  361*6 

.2986 

.1*756 

.U69I* 

.1*691* 

.3586 

.321*9 

.2973 

.2957 

20.0 

191.0 

.5823 

.7062 

1.2976 

2.9568 

2.9568 

1.053 

.3675 

.3109 

.3098 

13.0 

191.0 

.3330 

.2623 

.1*709 

0. 

0. 

.3970 

.2805 

.21*29 

.4629 

7.0 

191.0 

.6629 

.1*579 

1.4031* 

0. 

0. 

1.297 

.1*800 

.3129 

.4629 

.  is-j  ^  i  -VI’ 
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TABLE  22  (continued) 


3TR  #  b.I,.  «’.l,.  2fe  g82 _ 302  322  362  362  382  602  622  662 


32 

O.i. 

87.0 

.2326 

.2326 

.2326 

0. 

1.067 

1 .092 

.2169 

.1066 

.2326 

33 

5.68 

37.0 

.2636 

.2636 

.2636 

0. 

.2908 

.3055 

.2297 

.1066 

.2636 

31* 

10.96 

87.0 

.2636 

.2636 

.2636 

0.125 

.2670 

.2370 

.2636 

.1066 

.2636 

33 

16.1*6 

87.0 

.2636 

.2636 

.2634 

0. 

.2670 

.2370 

.2866 

.258 

.3065 

26 

22.86 

87.01 

.*'699 

.2699 

.26'  9 

.3365 

.2160 

.2665 

.2709 

.2606 

.2606 

37 

29.28 

37.22 

.2669 

.2669 

.2660 

.2795 

.2795 

.2997 

.3188 

.3013 

.3013 

38 

35.60 

87.55 

.  3lof- 

.3109 

.3109 

.3235 

.3235 

.3560 

.3682 

.3682 

.3682 

7° 

1*2.12 

68.69 

.2723 

.2723 

.2723 

.3169 

.2869 

.3363 

.3657 

.3167 

.3187 

60 

1*8.0 

92.0 

.2186 

.7707 

.2690 

.2612 

.2612 

.2950 

1.1126 

1.1662 

1.2052 

1*1 

50.  "6 

97. C 

.6186 

.6616 

.1*759 

.6673 

.6673 

.5951 

.6207 

.6103 

.6668 

62 

52.02 

103.0 

.2321 

.2321 

.6.73 

.3892 

.3632 

.2862 

.3863 

.3863 

.6580 

63 

52.58 

109.  c 

.2309 

.2309 

.6500 

.3656 

.2766 

.2666 

.3603 

.3703 

.6005 

-6 

52.86 

115.0 

.2305 

.2305 

.3600 

.3672 

.3672 

.2662 

.3397 

.3697 

.3697 

65 

52.97 

121.0 

.2306 

.2306 

.3598 

.3600 

.3670 

.2660 

.3395 

.3395 

.3395 

1*6 

53. C 

12'.  .0 

.8916 

.2916 

.3806 

.  >.^30 

.355C 

.2661, 

.6370 

.1*370 

.6130 

1.7 

52.93 

13t.O 

.2726 

.3726 

.681) 

.6500 

.3670 

.2660 

.3395 

•  3695 

.2915 

i_a 

52. 92 

139-0 

.6619 

.5566 

.5066 

.6630 

.3260 

.270 

.3865 

.2965 

.6963 

1*9 

6?  62 

I65.0 

2726 

.2726 

0. 

.2700 

.2700 

.360 

.■*655 

0. 

.3995 

SO 

52.66 

151.0 

.2725 

.27 26 

0. 

.2702 

.2700 

.  3672 

.3311 

0. 

.3997 

SI 

52.30 

157.0 

.2727 

.2727 

0. 

.3683 

.2702 

.3606 

.3519 

0. 

.6029 

52 

51.98 

163.0 

.6612 

.5813 

.7215 

.6969 

.3618 

.3508 

.6326 

.3567 

.5666 

53 

51.38 

169.O 

.  2966 

.2015 

.3866 

.3771 

.3229 

.3602 

.3317 

.3260 

.2657 

51* 

50.62 

176.7 

.2239 

.3006 

.3787 

.3016 

.3691 

.3396 

.3351 

.3273 

.2667 

55 

67.66 

ISO.O 

.2256 

.2657 

.  *3-*‘ 

.  ’.063 

.3515 

.5680 

.3206 

.3997 

.2291 

56 

6  5.50 

136.0 

.  3930 

.3769 

.6889 

.6561 

.6261 

.3576 

.2825 

.2825 

.2363 

37 

37.59 

387.62 

.5131 

.3131 

.6;  f . 

.  6or*0 

.6380 

.5256 

.3571 

.3356 

.3116 

58 

71.81 

189.7 

.3003 

.3003 

.6028 

.3886 

.6165 

.3089 

.  3201 

.2986 

.2986 

59 

26.0 

190.76 

.  7666 

.2986 

.6756 

.6696 

.  6896 

.3586 

-3269 

.2973 

.2957 

60 

20.0 

191.0 

.5823 

•  TO  til' 

1.2976 

2.0568 

2.9568 

1.053 

.3675 

.3109 

.3098 

61 

lj.0 

191.0 

.  1350 

.2620 

.6700 

0. 

0. 

.  3970 

.2805 

.2629 

.6629 

t>2 

7.0 

191-0 

.6629 

.1*579 

1.4036 

0. 

0. 

1.297 

.6800 

.3125 

.6629 
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-MODEL,  FS  262-442 


I 

A 

I 

A 

I 

7.0 

.54 

21.46 

.91 

352. 

1.74 

*38 

21.46 

.90 

344.4 

5.72 

.49 

22.09 

1.59 

220.0 

6.925 

.54 

15.68 

1.785 

118.6 

1.435 

•  4q 

8.77 

2.77 

37.78 

.635 

.355 

6.88 

3.13 

16.85 

.63 

.36 

2.435 

1.295 

12.31 

.73 

.415 

2.035 

1.085 

7.645 

.805 

.+52 

2.075 

1.13 

5.495 

1.05 

.545 

i.3l 

•  94 

5.39 

3.19 

1.20 

8.63 

2.36 

9.52 

6.715 

1.29 

3.375 

2.30 

16.57 

6.43 

1.10 

11.71 

2.06 

19^83 

9.99 

.99 

12.  Q6 

1.215 

3Q.80 

9.96 

.98 

13.85 

1,38 

51.22 

9.96 

.98 

12.3 

1.19 

43.67 

10.14 

1.03 

13.67 

1.68 

31.96 

9.642 

1.102 

12.52 

1.61 

22.03 

6.715 

1.29 

8.375 

2.30 

16.57 

3.19 

1.20 

8.  So 

2.40 

9.52 

1.05 

0'45 

1.81 

.94 

5.39 

.805 

.452 

2.375 

1.13 

5.495 

.73 

.415 

2. 035 

1.085 

7.645 

.63 

.36 

2.435 

1.295 

12.31 

.635 

.355 

6.88 

3.13 

16.85 

1.435 

.40 

8.77 

2.77 

37.78 

6.925 

.54 

15.68 

1.785 

118.6 

11.325 

.607 

22.09 

1.59 

220.0 

12.17 

.645 

21.46 

.86 

344.4 

12.18 

.69 

21.46 

.89 

352. 

13.16 
13.20 
8.1*5 
6.7k 
5.85 
6.335 
3.635 
2.025 
1.50 
1.586 
2.QU 
2.0U 
1.566 
2.195 
4.54 
3.515 
2.24 
1.73 
2.0k 
2.  OU 
1.586 
1.50 
2.025 
3.635 
6.335 
5.85 
6.71+ 
8.1*5 
13.2Q 
13.16 


Q.Q 

Q.Q 

67.95 

10.7 

2.775 

1.38 

1.235 

1.31 

1-50 

2.18 

5.1+1 

11.66 

20.85 

35.65 
5l*. 1*8 
1*6.02 

33.31 

19.70 

11.66 
5.1*1 
2.18 
1.50 

1.31 
1.235 
1.38 
2.77, 

1Q.7 

67.95 

0.0 

0.0 


Q.Q 
Q.Q 
1.76 
.83 
.785 
.70 
.61* 
.655 
.7k 
.98 
1.62 
1.695 
1.61* 
2.515 
1*.  1*7 
1*.  1*15 
2.1*17 
1.566 
1.695 
1.62 
.98 
.71* 
.655 
.61* 

•  7Q 
.785 
.83 
1.76 
Q.Q 
0.0 


352.8 

l*ll*.Q 

239.5 
129.3 

31.25 

12.95 

11.79 
5.65 
4.925 
4.30 

10.46 

9-77 

10.67 

11.65 

11.80 
11.75 
11.53 
1Q.52 

9.77 
IQ.  42 
4.24 
3.585 
4.42 
6.275 
12.55 
23.74 

107.6 

223.7 
4Q5.1 

352.8 


11.81 
14.36 
9.34 
7.475 
5.29 
4.235 
3.88 
1.765 
1.415 
1.196 
2.246 
1.845 
1.12 
1.14 
1.17 
1.16 
1.23 
1.126 
1.845 
2.27 
1.17 
1.225 
1.56 
2.  30 
4.015 


22.57 

23.6 

33.45 
39-55 
11. 7Q 

5.45 

5.66 

6.65 

51.8 

52.46 

43.3 

21.4 

15.67 
15.25 

14.7 
14.9 

15.46 

15.68 
21.4 
43.3 

52.46 

51.8 

6.6  5 

5 .66 

5.45 


1.01 

1.Q25 

1.50 

1.85 

1.78 

1.485 

1.55 

1.845 

3.8 

3.48 

2.616 

2.635 

1.64 

1.44 

1.30 

1.35 

1.493 

1.664 

2.635 

2.616 

3.48 

3.8 

1.845 

1.55 

1.485 


4.535 

11.70 

1.78 

1. 

6.465 

39.55 

1.85 

6.: 

10.63 

33.45 

1.5Q 

9. 

14.02 

23.6 

1.025 

9. 

11.81 

22.57 

1.01 

9. 

41 


a.a 

Q.Q 

6T.  95 


Q.Q  352.8 
Q.Q  4l4.Q 
1.76  239.5 


jl 

10.7 

.83 

129.3 

1 

2.775 

.785 

31.25 

1.38 

.70 

12.95 

i 

1.235 

.64 

11.79 

3 

1.31 

.655 

5.65 

J 

1.50 

.74 

4.925 

1  g 

2.18 

.98 

4.30 

t 

5.41 

1.62 

10.46 

I; 

11.66 

1.695 

9-77 

K 

20.85 

1.64 

10.67 

35.65  2.515  11.65 
5l*.ue  4.47  11.80 


5i*.ue  4.47 

1.6. 02  4.41 
33.31  2.41 


4.415  11.75 
2.417  11.53 


19. 7Q  1.566  10. 52 
11.66  1.695  9-77 

5.41  1.62  10.42 

2.18  .98  4.24 

1.50  .74  3.585 

1.31  .655  4.42 

1.235  .64  6.275 

l.?8  .70  12.55 

2.775  -785  23.74 
10.7  -83  107.6 

67.95  1.76  223.7 
0.0  0.0  405.1 

Q.Q  0.Q  352.8 


11.81 

14.36 

9-34 

7.475 

5.29 

4.235 

3.88 

1.765 

1.415 

1.196 

2.246 

1.845 

1.12 

1.14 

1.17 

1.16 

1.23 

1.126 

1.845 

2.27 

1.17 

1.225 

I. 56 
2.30 
4.015 
4.535 
6.465 

10.62 

14.02 

II. 81 


22.57 

23.6 

33.45 
39-55 
11. 7Q 

5.'*5 

C.c6 

6.65 

51.8 

52.46 

43.3 

21.4 

15.67 
15.25 

14.7 
14.9 

15.46 

15.68 
21.4 
43.3 

52.46 

51.8 

6.65 

5.66 

5.45 

11.70 

39.55 

33.45 

23.6 

22.57 


1.01 

1.Q25 

1.50 

1.85 

1.78 

1.485 

3.55 

1.845 

3.8 

3.48 

2.616 

2.635 

1.64 

1.44 

1.30 

1.35 

1.493 

1.664 

2.635 

2.616 

3.48 

3.8 

1.845 

1.55 

1.485 

1.78 

1.85 

1.5Q 

1.C25 

1.01 


9.68 

9.05 

9-95 

6.19 

1.745 

.965 

1.03 

1.01 

1.015 

1.176 

3-25 

6.215 

9.816 

9.95 

9.90 

9.90 

9-95 

9.81 

6.215 

3.25 

1.176 

1.015 

1.01 

1.Q3 

.965 

1.745 

6.19 

9-95 

9.05 

9.68 


.44 

.425 

.575 

.475 

.485 

.470 

.495 

.485 

.485 

.513 

.96 

1.11 

1.01 

.90 

.89 

.89 

.913 

1.032 

1.11 

.96 

.513 

.485 

.485 

.495 

.470 

.485 

.495 

.575 

.425 

.44 


7.179 

7.298 

6.533 

5,783 

1.509 

1.052 

1.2 

1.337 

1.079 

1.281 

3.25 

6.215 

9.8 
9.92 
9-9 

9.9 
9.95 
9.81 
6.21 
3.25 
1.281 
1.079 
1.337 
1.2 
1.052 
1.509 
6.278 
7.029 
7.298 
7.179 


.238 

.305 

.209 

.54 

.445 

.513 

.519 

.559 

.5 

.528 

.96 

1.11 

1.06 

.91 

.89 

.89 

.913 

1.032 

1.11 

.96 

.528 

.5 

.559 

.519 

.513 

.445 

.507 

.271 

.305 

.238 


33.82 

33.82 

43.85 

40.5 

14.75 

20.17 

26. 

36.83 
53.16 

159.3 

128.6 

39-3 

32.7 

20.58 

19.37 

18.96 
21. 5$ 
32.7 
39.3 
128.6 
159-3 

53.16 
36.83 
26. 

20.17 
14.75 
40.5 
45. 

33.82 

33.82 


1.113 

1.113 

1.767 

2.47 
2.22 
2.28 
2.6 
3.  53 
4.89 
6.87 

5.48 
4.91 
2.7 
1.546 
1.45 

1.47 
1.57 
2.7 
4.91 

5.48 
6.87 
4.89 
3.53 
2.6 
2.28 
2.22 
2.47 
1.767 
lill3 
1.113 
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Sikorsky  Aircraft 


U 

OMkON  OA  UNTTEO  AM  ’‘-ATT  COAAOAATlOM 

0* 


REPORT  NO.  SER  651195 


TABLE  2fc 


SIX  BAY 

REDUCED  DEGREE  OF 

FREEDOM  MODEL 

MASS  MATRIX 

D.O.F. 

MASS 

D.O.F. 

MASS 

D.O.F. 

MASS 

1 

.9865 

2 

1.1718 

3 

.7264 

4 

.4572 

5 

.3079 

6 

.2598 

7 

.7052 

8 

.4914 

9 

.3170 

10 

.6050 

11 

.3633 

12 

.3739 

13 

.4715 

14 

.9865 

15 

1.1718 

16 

.72o4 

17 

.4572 

1  a 

.3079 

19 

.2598 

20 

.7052 

21 

.4914 

22 

.3170 

23 

.6050 

24 

.3633 

25 

.3739 

26 

.4715 

27 

.9865 

2d 

1.1718 

29 

.7264 

30 

.4572 

31 

.3079 

32 

.2598 

33 

.7052 

34 

.4914 

35 

.3170 

36 

.6050 

37 

.3633 

3ft 

.3739 

39 

.4715 

40 

1157.9999 

41 

2440.0000 

42 

2155.0000 

43 

1377.0000 

44 

935.0000 

45 

814.0000 

46 

2124.0000 

47 

1465.9999 

48 

925.0000 

49 

1399.0000 

50 

567.0000 

51 

263.0000 

52 

189.0C00 

53 

533.0000 

54 

1215.9999 

55 

1090.0000 

56 

757.0000 

57 

549.0000 

58 

427.0000 

50 

1138.0000 

60 

748.0000 

61 

533.0000 

62 

679.0000 

63 

155.0000 

64 

42.0000 

65 

45.0000 

66 

625.0000 

67 

1228.0000 

66 

1096.9999 

69 

626.0000 

70 

391.0000 

71 

392.0000 

72 

993.0000 

73 

741.0000 

74 

412.0000 

75 

1143.0000 

76 

458.0000 

77 

274.0000 

78 

156.0000 

79 

.2663 

80 

.0475 

81 

.0475 

62 

.0658 

63 

.0412 

84 

.0412 

65 

.0858 

86 

.1709 

87 

.0441 

88 

.0441 

89 

.1709 

90 

.0934 

91 

.0641 

92 

.0641 

93 

.0934 

94 

.1535 

95 

.0503 

96 

.0503 

97 

.1535 

98 

.0357 

99 

.0357 

100 

.1100 

101 

.0551 

102 

.0551 

103 

.1100 

104 

.2613 

105 

.2663 

106 

.0949 

107 

.0658 

108 

.0825 

109 

.0858 

110 

.1709 

111 

.0882 

112 

.1709 

113 

.0934 

114 

.1282 

115 

.0934 

116 

.1535 

117 

.1005 

118 

.1535 

119 

.0714 

120 

.1100 

121 

.1101 

122 

.1100 

123 

.2613 
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REPORT  NO.  SER  651195 


TABLE  2h  (continued) 


D.O.F. 

MASS 

O.O. F. 

MASS 

D.O.F. 

MASS 

124 

•  2663 

125 

.0949 

126 

.0443 

127 

.0416 

126 

.0825 

129 

.0416 

130 

.0443 

131 

.1164 

132 

.0392 

133 

.0632 

134 

.0392 

135 

.1164 

13b 

•  0466 

137 

.0468 

138 

.1282 

139 

.0468 

140 

.0466 

141 

.1001 

142 

,0534 

143 

.1005 

144 

.0534 

14b 

.1001 

146 

.0714 

147 

.0551 

142 

.0570 

145 

.1101 

150 

.0570 

151 

.0531 

152 

.2613 

153 

778.0000 

154 

426.0000 

155 

355.0000 

156 

804.0000 

157 

447.0000 

15>-- 

361.0000 

-0 

-.0000 

159 

4,6508 

16C 

4.6308 

161 

4.6308 

162 

2661.2600 

163 

2477.8800 

164 

1767.0500 
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Sikorsky  Aircraft 


U 

iiggm 

0® 


DM«0N  O*  UMW  AMMAfT  COWOWATION 


REPORT  NO.  SER  651195 


TABLE  25 

NIUE  BAY  MODEL  MASS  MATRIX 


0.0. F. 

MASS 

.  0 .  F . 

MASS 

D.O.F. 

MASS 

1 

.9365 

1.1718 

3 

.7264 

4 

.4572 

61 

.3079 

-0 

-.0000 

104 

.7052 

p 

.4914 

6 

.3170 

7 

•  6050 

3 

.3633 

9 

.3739 

10 

.4715 

11 

.9865 

12 

1.1718 

13 

.7264 

14 

.4572 

105 

.3079 

135 

.7052 

15 

.4914 

-0 

-.0000 

16 

.3170 

17 

.6050 

13 

•  3633 

19 

.3739 

20 

.4715 

21 

.9865 

22 

1.1713 

23 

.7264 

24 

.4572 

25 

.4914 

26 

.3170 

27 

.6050 

28 

.  3t>33 

29 

.3739 

30 

.4715 

31 

1157.9999 

32 

2440.0000 

33 

2155.0000 

34 

1377.0003 

183 

935.0000 

-0 

-.0000 

186 

2124.0000 

35 

1465.9999 

36 

925.0000 

37 

1399.0000 

36 

567.0000 

39 

263.0000 

40 

1 C9.0000 

41 

533.0000 

42 

1215.9999 

43 

1090.0000 

44 

757.0000 

184 

549.0000 

187 

1138. 0O00 

45 

748.0000 

-0 

-.0000 

46 

533.0000 

47 

679.0000 

48 

155.0000 

49 

42.0000 

50 

45.0000 

51 

625. omo 

52 

1226.0000 

53 

1096.9999 

54 

626.0000 

55 

741.0000 

56 

412.0000 

57 

1143.0000 

56 

458.0000 

59 

274.0000 

60 

156.0000 

62 

.0346 

63 

•  Q3U6 

64 

.0616 

65 

.0367 

66 

.0367 

67 

.0618 

68 

.0475 

69 

.0475 

-0 

-.0000 

70 

.0858 

71 

^12 

72 

.0412 

73 

.0858 

74 

.1709 

75 

.0441 

76 

.0441 

77 

.1709 

78 

.0934 

79 

.0641 

30 

.0641 

81 

.0934 

32 

.1535 

63 

.0503 

64 

.0503 

85 

.1535 

66 

.0357 

87 

.0357 

68 

.1100 

39 

.0551 

90 

.0551 

91 

.1100 

-0 

-.0000 

-0 

-.0000 

92 

.0298 

93 

.0298 

94 

.0665 

93 

.0344 

96 

.0344 

97 

.0665 

98 

.0268 

99 

.0268 

100 

.0652 

101 

.0379 

102 

.0379 

103 

.0652 

106 

.0693 

107 

.0616 

108 

.0735 

109 

.0618 

-0 

-.0000 

-0 

-.0000 

193 
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Sikorsky  Aircraft 


D.O.F. 

MASS 

110 

.0949 

113 

.  0&53 

116 

.1709 

119 

.0934 

122 

.1535 

125 

.1101 

127 

.0596 

130 

•  0665 

133 

.0759 

136 

.3079 

137 

•  0o93 

140 

.0735 

143 

.0949 

mb 

.0416 

146 

.0443 

151 

•  0dB2 

154 

.0466 

157 

.0468 

160 

.0534 

163 

.1001 

166 

.0570 

169 

.0531 

170 

.0696 

173 

.06e2 

176 

.0535 

179 

.0759 

185 

391.0000 

169 

4.6308 

192 

2681.2600 

U 

OP  UNTTSO  AJMCMAPT  COAPOPATlO* 

A* 


TABLE  25  (continued) 


i  .  0 .  F  • 

MASS 

Ill 

.0358 

114 

.1709 

117 

.0934 

120 

.1535 

123 

.0714 

126 

.1100 

12C 

.0665 

131 

.0535 

134 

.0652 

16? 

.7052 

13#- 

.0327 

141 

.0291 

144 

.0443 

146 

.0625 

1h9 

.1164 

IS? 

.0392 

155 

.0468 

15° 

.0466 

lt>l 

.1005 

lou 

.0714 

167 

.liOl 

-0 

-.0000 

171 

.0340 

174 

.0325 

177 

.0325 

13.0 

.0327 

ISC 

993,0000 

190 

4.6308 

193 

2477.8800 

REPORT  NO.  SER  o51195 


D.O.F. 

MASS 

112 

.0825 

115 

.0882 

118 

.1282 

121 

.1005 

124 

.1100 

-0 

-.0000 

129 

.0688 

132 

.0652 

-0 

-.0000 

-0 

-.0000 

139 

.0291 

142 

.0327 

-0 

-.0000 

147 

.0416 

150 

.0392 

153 

.1164 

156 

.1282 

159 

.1001 

162 

.0534 

165 

.0551 

168 

.0570 

-0 

-.0000 

172 

.0325 

175 

.0340 

178 

.0327 

181 

,0325 

-0 

-.0000 

191 

4.6303 

194 

1767.0500 

19J» 
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Sikorsky  Qlrcraft 


REPORT  NO.  SER  651195 


U 

o**man  c*  uwrrmo  awctatt  comkmation 

R. 


0.0. F. 

MASS 

1 

.9665 

4 

.4572 

160 

.3633 

6 

.4715 

9 

.9550 

10 

.3739 

13 

1.1718 

190 

.3633 

16 

1157.9999 

21 

1377.0000 

191 

567.0000 

23 

189. 0000 

26 

1090.0000 

26 

42.0000 

31 

1228.0000 

193 

458.0000 

37 

.0346 

40 

.03b7 

43 

.0475 

45 

.0858 

46 

.0858 

51 

.0441 

54 

.0641 

57 

.1535 

60 

.1535 

63 

.1100 

66 

.1100 

67 

.0392 

70 

.0523 

73 

.8351 

75 

.1295 

76 

.1 167 

61 

.1709 

84 

.0934 

87 

.1535 

90 

.1101 

92 

.0785 

95 

.1041 

97 

.3079 

98 

.0693 

101 

.0735 

TABLE  26 

EIGHTEEN  BAY  MODEL,  PHASE  1, 


D.C.F. 

MASS 

p 

1.1718 

36 

.3079 

5 

.3739 

7 

.9665 

-0 

-.0000 

11 

.4715 

14 

.7264 

16 

.3739 

19 

2440.0000 

136 

935.0000 

22 

263.0000 

24 

533.0000 

27 

757.0000 

29 

45.0000 

32 

1096.9999 

34 

274.0000 

36 

.0346 

41 

.0367 

44 

.0475 

46 

.0412 

49 

.1709 

52 

.1709 

55 

.0641 

53 

.0503 

61 

.0357 

64 

.0551 

-0 

-.0000 

68 

.0392 

71 

.0523 

.6696 

76 

.1167 

79 

.1709 

6? 

.0934 

65 

.1535 

86 

.0714 

91 

.1100 

93 

.1041 

96 

.8351 

137 

.8351 

95 

.0327 

102 

.0291 

MASS  MATRIX 


D.O.F. 

MASS 

3 

.7264 

-0 

-.0000 

-0 

-.0000 

8 

1.1718 

-0 

-.ocoo 

12 

.9865 

15 

.4572 

17 

.4715 

20 

2155.0000 

-0 

-.0000 

-0 

-.0000 

25 

1215.9999 

139 

549.0000 

30 

625.0000 

33 

626.0000 

35 

156.0000 

39 

.0618 

42 

.0618 

-0 

-.0000 

47 

.0412 

50 

.0441 

53 

.0934 

56 

.0934 

59 

.0503 

62 

.0357 

65 

.0551 

-0 

-.0000 

69 

.1041 

72 

.1045 

-0 

-.0000 

77 

.1193 

80 

*0882 

83 

.1282 

86 

•  1005 

89 

.1100 

-0 

-.0000 

94 

•  1045 

-0 

-.0000 

-0 

-.0000 

100 

.0291 

103 

.0327 
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TABLE  26  (continued) 


D.O.F. 

MASS 

D.O.F. 

MASS 

D.O.F. 

MASS 

104 

.0949 

102 

.0443 

-0 

-.0000 

106 

.0416 

107 

.0825 

108 

.0416 

109 

.0443 

110 

.1164 

111 

.0392 

112 

.0882 

112 

.0392 

114 

.1164 

115 

.0466 

116 

.0468 

117 

.1282 

118 

.0468 

119 

.0466 

120 

.1001 

121 

.0534 

122 

.1005 

123 

.0534 

124 

.1001 

125 

.0714 

126 

.0551 

127 

.0570 

128 

.1101 

129 

.0570 

130 

.0531 

-0 

-.0000 

-C 

-.0000 

131 

.0785 

132 

.0563 

133 

.0479 

134 

.1045 

135 

.0479 

136 

.0563 

140 

391.0000 

-c 

-.0000 

-0 

-.0000 

141 

2531.0000 

142 

1351.0000 

143 

1188.9999 

144 

.0629 

145 

.0629 

146 

.0938 

147 

.0890 

14C 

.0890 

149 

.0938 

150 

.0350 

151 

.0350 

152 

.0706 

153 

.0529 

154 

.0529 

155 

.0706 

156 

.0610 

157 

.0610 

158 

.2415 

159 

.2415 

-0 

-.0000 

-0 

-.0000 

161 

.1259 

162 

.0938 

16? 

.1781 

164 

.0938 

165 

.0700 

166 

.0706 

167 

.1057 

168 

.0706 

169 

.1220 

170 

.2415 

171 

.2415 

-0 

-.0000 

172 

.3633 

-0 

-.0000 

-0 

-.0000 

173 

.1259 

174 

.0558 

175 

.0379 

176 

.1781 

177 

.0379 

178 

.0558 

179 

.0700 

180 

.0369 

181 

.0337 

162 

.1057 

163 

.0337 

184 

.0369 

les 

.1220 

186 

.1410 

187 

-.0000 

188 

-.0000 

169 

.1410 

-0 

-.0000 

192 

155.0000 

-0 

-.0000 

-n 

-.0000 

194 

4.6308 

195 

4.6308 

196 

4.6308 

197 

2681. 2o00 

196 

2477.8800 

199 

1767.0500 

196 
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TABLE  27 

GEOMETRY  AND  STRUCTURAL  DATA  FOR  RA.MF  AREA  PPFRAN  MODEL 
RAMP  AREA  COEFF  IN  9  BAY  EXTENDED 


JOINT 

F.S. 

b.l. 

W.L. 

JOINT 

1 

632.00 

.00 

187.50 

JOINT 

2 

632.00 

-6.80 

192.50 

JOINT 

3 

632.00 

-20.00 

192.30 

JOINT 

4 

632.00 

-26.00 

191.70 

JOINT 

5 

632.00 

-37.00 

187.00 

JOINT 

6 

632.00 

-47.80 

170.00 

JOINT 

7 

632.00 

-48.90 

163.00 

JOINT 

8 

632.00 

-49.40 

156.00 

JOINT 

9 

632.00 

-49.60 

147.00 

JOINT 

10 

632.00 

-49.60 

146.00 

JOINT 

11 

632.00 

-49.60 

145.00 

JOINT 

12 

632.00 

-35.00 

170.00 

JOINT 

13 

632.00 

-26.00 

170.00 

JOINT 

14 

632.00 

-15.00 

170.00 

JOINT 

15 

532.00 

-7.00 

170.00 

JOINT 

16 

&2.00 

.00 

170. OC 

JOINT 

17 

632.00 

7.00 

170.00 

JOINT 

18 

632.00 

15.00 

170.00 

JOINT 

19 

632.00 

26.00 

170.00 

JOINT 

20 

632.00 

35.00 

170.00 

JOINT 

21 

632.00 

49.60 

145.00 

JOINT 

22 

632.00 

49.60 

146.00 

JOINT 

23 

632.00 

49.60 

147.00 

JOINT 

24 

632.00 

49.40 

156.00 

JOINT 

25 

632.00 

48.90 

163.00 

JOINT 

26 

632.00 

47.80 

170.00 

JOINT 

27 

532.00 

37.00 

187.00 

JOINT 

28 

632.00 

26.00 

191.70 

JOINT 

29 

632.00 

20.00 

192.30 

JOINT 

30 

632.00 

6.80 

192.50 

JOINT 

31 

612.00 

.00 

188.00 

JOINT 

32 

612.00 

-6.80 

192.30 

JOINT 

33 

612.00 

-20.00 

192.10 

JOINT 

34 

612.00 

-27.10 

191.10 

JOINT 

35 

612.00 

-38.50 

186.40 

JOINT 

36 

612.00 

-49.50 

170.00 

JOINT 

37 

612.00 

-50.60 

163.00 

JOINT 

38 

612.00 

-51.10 

156.90 

JOINT 

39 

612.00 

-51.50 

139.00 

JOINT 

40 

612.00 

-51.00 

136.90 

JOINT 

41 

612.00 

-51.00 

135.90 

JOINT 

42 

612.00 

-38.50 

170.00 

JOINT 

43 

612.00 

-29.00 

170.00 

JOINT 

44 

612.00 

-17.50 

170.00 

JOINT 

45 

612.00 

-6.84 

170.00 

JOINT 

46 

612.00 

.00 

170.00 

JOINT 

47 

612.00 

6.84 

170.00 

JOINT 

48 

612.00 

17.50 

170.00 

JOINT 

49 

612.00 

29.00 

170.00 

JOINT 

50 

612.00 

38.50 

170.00 

iy'f 
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TABiiE  2 Y  ( c  on  t  i  nue  d ) 


RAMP  AREA  COEFF  IN  9  BAY  EXTENDED 


JOINT 

F.S. 

b.l. 

to  .  L . 

JOINT 

51 

612. CO 

51.00 

135.90 

JOINT 

52 

612.00 

51.00 

136.90 

JOINT 

53 

612.00 

51.50 

139.00 

JOINT 

54 

612.00 

51.10 

156.90 

JOINT 

55 

612.00 

50.60 

163.00 

JOINT 

5ft 

612.00 

49.50 

170.00 

JOINT 

57 

612.00 

38,50 

186.40 

JOINT 

58 

612.00 

27.10 

191.10 

JOINT 

59 

612.00 

20.00 

192.10 

JOINT 

60 

612.00 

6.80 

192.30 

JOINT 

61 

589.50 

.00 

187.60 

JOINT 

62 

589.50 

-6.80 

190.90 

JOINT 

63 

589.50 

-20.00 

190.90 

JOINT 

64 

589.50 

-28.20 

189.60 

JOINT 

65 

589.50 

-39.75 

183.90 

JOINT 

66 

589.50 

-50.30 

169.00 

JOINT 

67 

589.50 

-51.30 

163.00 

JOINT 

68 

589.50 

-51.90 

157.00 

JOINT 

69 

589.50 

-52.30 

139.00 

JOINT 

70 

589.50 

-51.85 

127.40 

JOINT 

71 

589.50 

-51.85 

126.40 

JOINT 

72 

589.50 

-41.45 

126.40 

JOINT 

73 

589.50 

-31.05 

126.40 

JOINT 

74 

589.50 

-20.65 

126.40 

JOINT 

75 

589.50 

-10.25 

126.40 

JOINT 

76 

589.50 

.15 

126.40 

JOINT 

77 

589.50 

10.55 

126.40 

JOINT 

78 

589.50 

20.95 

126.40 

JOINT 

79 

589.50 

31.35 

126.40 

JOINT 

80 

589.50 

41.75 

126.40 

JOINT 

81 

589.50 

51.85 

126.40 

JOINT 

82 

589.50 

51.85 

127.40 

JOINT 

83 

589.50 

52.30 

139.00 

JOINT 

84 

589.50 

51.90 

157.00 

JOINT 

85 

589.50 

51.30 

163.00 

JOINT 

86 

589.50 

50.35 

169.00 

JOINT 

87 

589.50 

39.75 

183.90 

JOINT 

88 

589.50 

28.20 

189.60 

JOINT 

89 

589.50 

20.00 

190.90 

JOINT 

90 

589.50 

6. SO 

190.90 

JOINT 

vl 

567.00 

.00 

188.50 

JOINT 

92 

567.00 

-6.80 

190.90 

JOINT 

93 

567.00 

-20.00 

190.90 

JOINT 

94 

567.00 

-29.50 

189.60 

JOINT 

95 

567.0C 

-41.20 

183.90 

JOINT 

96 

567.00 

-50.75 

169.00 

JOINT 

97 

567.00 

-51.65 

163.00 

JOINT 

98 

567.00 

-52.10 

157.00 

JOINT 

99 

567.00 

-52.50 

139.00 

JOINT 

100 

567.00 

-52.2" 

121.00 

198 
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TABLL  ?7  (continued) 


L 

RAMP 

area 

COEFF  IN  9 

BAY 

EXTENDED 

1 

JOINT 

F.S. 

b.l. 

W  «  L  . 

f 

JOINT 

101 

567.00 

-52.00 

116.70 

JOINT 

102 

56^,00 

-41.60 

116.70 

l 

JOINT 

103 

567.00 

-31.20 

116-70 

I 

JOINT 

104 

567.00 

-20.80 

116.70 

JOINT 

105 

567.00 

-10.40 

116.70 

i 

JOINT 

106 

567.00 

-.00 

116.70 

g- 

JOINT 

107 

567.00 

10.40 

116.70 

4. 

£ 

V 

JOINT 

106 

567.00 

20.80 

116.70 

JOINT 

109 

567.00 

31.20 

116.70 

2 

i 

6 

JOINT 

110 

567.00 

41.60 

116.70 

JOINT 

111 

567.00 

52.00 

116.70 

t- 

V 

JOINT 

112 

567.00 

52.20 

121,00 

c 

JOINT 

113 

567.00 

52.50 

139.00 

I 

P 

JOINT 

114 

567.00 

52.10 

157.00 

JOINT 

115 

567.00 

51.65 

163.00 

i 

y 

JOIN" 

116 

567.00 

50.75 

169.00 

JOINT 

11 V 

567.00 

41.20 

183.90 

£ 

JOINT 

116 

567.00 

29.50 

189.60 

i 

i 

JOINT 

119 

567.00 

20.  OC 

190.90 

i 

JOINT 

120 

567.00 

6.80 

190.90 

l 

JOINT 

121 

544.50 

.00 

189.60 

i 

JOINT 

122 

544.50 

-6.80 

190.90 

* 

JOINT 

123 

544.50 

-20.00 

190.90 

V 

JOINT 

124 

544.50 

-30.55 

189.60 

?. 

! 

JOINT 

125 

544.50 

-42.15 

183.90 

fc 

JOINT 

126 

544.50 

-50.90 

169.00 

| 

JOINT 

127 

544.50 

-51.60 

163.00 

JOINT 

128 

544.50 

-52.00 

157.00 

! 

JOINT 

129 

544.50 

-52.40 

139.00 

| 

JOINT 

133 

544,50 

-52.60 

121.00 

JOINT 

131 

544.50 

-50.60 

107.70 

JOINT 

132 

544,50 

-40.20 

107.70 

F. 

JOINT 

133 

544.50 

-29.80 

107.70 

£ 

JOINT 

134 

544.50 

-19.40 

107.70 

5  • 

JOINT 

135 

544.50 

-9.00 

107.70 

> 

r 

JOINT 

136 

544,5  T 

1.40 

107.70 

JOINT 

137 

544.50 

11.80 

107.70 

5 

JOINT 

138 

544.50 

22.20 

107.70 

r 

JOINT 

139 

544,50 

32.60 

107.70 

fe.  « 

JOINT 

140 

544.50 

43.00 

107.70 

6 

JOINT 

141 

544.50 

50,60 

107.70 

i 

JOINT 

142 

544.50 

52.60 

121.00 

l 

JOINT 

143 

544.50 

52,40 

139.00 

% 

JOINT 

144 

544.50 

52.00 

157.00 

1 

JOINT 

145 

544.50 

51,60 

163.00 

* 

JOINT 

146 

544,50 

50.90 

169.00 

I 

JOINT 

147 

544,50 

42.15 

1S3.90 

JOINT 

148 

544.50 

30. 5S 

189.60 

t 

JOINT 

149 

544.50 

20.00 

190.90 

5 

JOINT 

150 

544.50 

6.80 

190.90 

£ 

!r 

1 

199 

* 

V 

fc 

PAGE 

L . 

9m£nm£5£2&i^  iS^iTiirfT^mffiXiiiiiMSH  ?  rnitffitn "-iijMiUMThiTTV  i'VH  r-"  T‘  -  'ti~i~ 


Sikorsky  Aircraft 


u 

AMCAA 

fl. 


Mtnon  of  u*TW'  u jgurr  com utsn 


REPORT  NO.  SER  651195 


TABLE  27  (continued) 


RANP  AREA  COEFF  IK*  9  RAY  EXTENDED 


JOINT 

F.S* 

B.L. 

W.L. 

JOINT 

151 

522.00 

-.00 

191.00 

JOINT 

152 

522.00 

“6.75 

191.00 

JOINT 

153 

522.00 

-20.00 

191.00 

JOINT 

154 

522.00 

-31.81 

189.70 

JOINT 

155 

522. OC 

-43.50 

184.00 

JOINT 

156 

522.00 

-51.38 

169.00 

JOINT 

137 

522.00 

-51.98 

163.00 

JOINT 

158 

522.00 

-52.38 

157.00 

JOINT 

159 

522.00 

-52.91 

139.00 

JOINT 

160 

522.00 

-52.86 

121*00 

JOIN? 

161 

522. 00 

-50,79 

97*00 

JOINT 

162 

522.00 

“48.00 

92,00 

JOINT 

163 

522. CO 

“35 «?o 

87*60 

JOINT 

164 

522.00 

-22.06 

87.10 

JOINT 

16b 

522sOC 

-10,96 

87.30 

JOINT 

166 

522.00 

,00 

87.00 

JOINT 

16? 

522.00 

10,96 

87,00 

JOIN* 

168 

522.00 

22.8'- 

87,10 

JOINT 

169 

522.00 

35.70 

87.60 

JOINT 

170 

522,00 

48.00 

92.00 

JOINT 

171 

522.09 

50-79 

97. 00 

JOINT 

172 

f 22.00 

52,96 

121.00 

JOINT 

173 

522.00 

£2.91 

139. OC 

JOINT 

174 

52 2 . on 

52.37 

157.00 

JOINT 

175 

522.00 

51.99 

163.00 

JOINT 

176 

522.00 

51,38 

169.00 

JOINT 

17? 

522.00 

43,50 

184,00 

JOINT 

•78 

522.00 

31.81 

18°. 70 

JOINT 

179 

522.30 

20,00 

ifi-JQ 

JOINT 

ISO 

522.00 

6.75 

191.00 

JOINT 

181 

502.00 

“.00 

181.00 

JOXNT 

182 

502. CO 

"t  .75 

191. OG 

JOINT 

183 

502.00 

-20.00 

191.00 

JOINT 

164 

502.00 

-31.81 

189*70 

JOINT 

185 

502.00 

-43.50 

184. OC 

JOINT 

186 

502,00 

-51.39 

165.00 

JOINT 

197 

502.00 

-51.9S 

163.00 

JOINT 

188 

502.00 

-52,36 

157.00 

JOINT 

188 

502,00 

-52.91 

139.00 

JOINT 

190 

502.0 

-52.96 

121.00 

JOINT 

191 

502,00 

-50.79 

97,00 

JOUT 

192 

502  ■>  00 

-4S.Q0 

92.00 

JOIN? 

193 

502.00 

-35.70 

87,60 

JOINT 

194 

502.00 

-22,86 

87,10 

JOINT 

195 

502.00 

-10,56 

87,00 

JOINT 

19c 

502.00 

.00 

87.00 

JOINT 

19? 

502.00 

13-96 

87. OC 

JOINT 

198 

502.00 

22.66 

87.10 

JOINT 

199 

502. C 7 

35.70 

87,60 

JOINT 

200 

572.00 

48,00 

92.00 

200 
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TABLE  27  (continued) 

RAMP  AREA  COEPF  IN  9  RAY  EXTENDED 


JOINT 

F  ,S. 

9.L. 

W.L. 

JOINT 

201 

502.00 

50.79 

97.00 

JOINT 

202 

502.00 

52.96 

121.00 

JOINT 

205 

502.00 

52.91 

139.00 

JOINT 

204 

502.00 

52.37 

157.00 

JOINT 

205 

502.00 

51.98 

163.00 

JOINT 

206 

502.00 

51.38 

169.00 

JOINT 

207 

502.00 

43.50 

184.00 

JOINT 

206 

502.00 

31.81 

189.70 

JOINT 

209 

502.00 

20.00 

191.00 

JOINT 

210 

502.00 

6.75 

191.00 

JOINT 

211 

462.00 

-.00 

191.00 

JOINT 

212 

482.00 

-6.75 

191.00 

JOINT 

213 

482.00 

-20.00 

191.00 

JOINT 

214 

482.00 

-31.81 

189.70 

JOINT 

215 

482.00 

-43.50 

184.00 

JOINT 

216 

432.00 

-51.38 

169.00 

JOINT 

217 

482.00 

-51.98 

163,00 

JOINT 

216 

462.00 

-52.38 

157.00 

JOINT 

219 

462.00 

-52.91 

139.00 

JOINT 

220 

482.00 

-52.96 

121.00 

JOINT 

221 

482.00 

-50.79 

97.00 

JOINT 

222 

482.00 

-48.00 

92.00 

JOINT 

223 

482.00 

-35.70 

87.60 

JOINT 

224 

482.00 

-22.86 

87.10 

JOINT 

225 

482.00 

-10.96 

87.00 

JOINT 

226 

482.00 

.00 

87.00 

vOINT 

227 

482.00 

10.96 

87.00 

JOINT 

226 

482.00 

22.86 

87.1,0 

JOINT 

229 

482.00 

35.70 

87.60 

JOINT 

230 

482.00 

48.00 

92.00 

JOINT 

231 

482.00 

50.79 

97.00 

JOINT 

23  2 

482,00 

52.96 

121.00 

JOINT 

233 

482.00 

52.91 

139.00 

JOINT 

234 

482,00 

52.37 

157.00 

JOINT 

235 

482.00 

51.98 

163.00 

JOINT 

236 

482.00 

51.38 

169.00 

JOINT 

237 

482,00 

43.50 

134.00 

JOINT 

23B 

482,00 

31.81 

185.70 

JOINT 

239 

482,00 

20.00 

191.00 

JOINT 

240 

482.00 

6.75 

191. CO 

JOINT 

241 

462.00 

-.00 

191.00 

JOINT 

242 

452,00 

-6.75 

191,00 

JOINT 

243 

462.00 

-20.00 

191.00 

JOINT 

244 

462. CO 

-3i. ai 

189.70 

JOINT 

245 

462.00 

-43.50 

i84,00 

JOINT 

246 

462.00 

-51.33 

139.00 

JOINT 

247 

462,00 

-51.98 

163.00 

JOINT 

248 

462.00 

-52.38 

157.00 

JOIl-T 

249 

462.00 

-52.91 

139.00 

JOINT 

25C 

462.00 

-52.96 

121.00 

201 
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TABLE  27  (continued) 

RAMP  AREA  COEFF  IN  9  BAT  EXTENDED 


JOINT 

F.S. 

B.U 

tt.L. 

JOINT 

251 

462.00 

-50.79 

97.00 

JOINT 

252 

462.00 

-48.00 

92.00 

JOINT 

253 

462.00 

-35.70 

87  .60 

JOINT 

254 

462.00 

-22.86 

87 . 10 

JOINT 

255 

462.00 

-10.96 

87.00 

JOINT 

256 

462.00 

.00 

87*00 

JOINT 

257 

462.00 

10.96 

87.00 

JOINT 

258 

462.00 

22.86 

87*10 

JOINT 

259 

462.00 

35.70 

87  *60 

JOINT 

260 

462.00 

48.00 

92*00 

JOINT 

261 

462.00 

50.79 

97*00 

JOINT 

262 

462.00 

52.96 

121.00 

JOINT 

263 

462.00 

52.91 

139*00 

JOINT 

264 

462.00 

52.37 

157.00 

JOINT 

265 

462.00 

51.98 

163.00 

JOINT 

266 

462.00 

51.38 

169.00 

JOINT 

267 

462.00 

43,50 

184*00 

JOINT 

268 

462.00 

31.81 

189.70 

JOINT 

269 

462.00 

20.00 

191.00 

JOINT 

270 

462.00 

6.75 

191*00 

JOINT 

271 

442. ^0 

-.00 

191*00 

JOINT 

272 

442. " 0 

-6,75 

191.00 

JOINT 

273 

442.00 

-20.00 

191.00 

JOINT 

274 

442.00 

-31.81 

189.70 

JOINT 

275 

442.00 

-43.50 

1£4*90 

JOINT 

276 

442.00 

-51.38 

169*00 

JOINT 

277 

442.00 

-51.98 

163*00 

JOINT 

278 

442.00 

-52.38 

157*00 

JOINT 

279 

442.00 

-52.91 

139.03 

JOINT 

280 

442.00 

-52.96 

121.00 

JOINT 

281 

442. OC 

-50,79 

97.00 

JOINT 

282 

442.00 

-48.00 

92.00 

JOINT 

283 

442.00 

-35.70 

87 .60 

JOINT 

284 

442.00 

-22.86 

87 . 10 

JOINT 

285 

442.00 

-10.96 

87.00 

JOINT 

286 

442,00 

•  OC 

87.00 

JOINT 

287 

442,00 

10.96 

87 . 00 

JOINT 

288 

442.00 

22.86 

87.10 

JOINT 

289 

442.00 

35.70 

87.60 

JOINT 

290 

442.00 

48,00 

92.00 

JOINT 

291 

442.00 

50.79 

97.00 

JOINT 

292 

442.00 

52.96 

121.00 

JOINT 

293 

442.00 

52,91 

139*00 

JOINT 

294 

442.00 

52.37 

157.00 

JOINT 

295 

442,00 

51.98 

163*00 

JOINT 

296 

442.00 

51.38 

169.00 

JOINT 

297 

442,00 

43.50 

1 ’4.00 

JOINT 

298 

442.00 

3i.81 

189.70 

JOINT 

299 

442.00 

20.00 

191.00 

JOINT 

300 

442.00 

6.75 

191.00 
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TABLE  27  (continued) 

RAMP  AREA  COEFF  IN’  9  RAY  EXTENDED 


JOINT 

F.S» 

9.U 

k.L. 

« 

JOINT 

301 

632.00 

.00 

178.00 

JOINT 

302 

538.25 

-50.70 

102.37 

JOINT 

303 

538.25 

50.70 

102.37 

Sikorsky  Aircraft  report  no.  ser  651195 


TABLE  27  (continued) 

RAMP  AREA  COF.FF  IN  9  PAY  EXTENDED 


UNIT 

1 

MEMBER 

AREA 

I 

MEMBER 

l 

2 

.352 

.6850 

MEMBER 

2 

3 

.579 

3.7070 

member 

3 

4 

»57U 

3.3700 

MEMBER 

4 

b 

.420 

2.3000 

MEMBER 

g 

6 

.330 

.5500 

member 

6 

7 

.250 

.4040 

member 

7 

6 

.220 

.3500 

MEMBER 

a 

9 

.194 

.3030 

MEMBER 

9 

10 

.194 

.3030 

MEMBER 

1C 

11 

.194 

.3030 

MEVRER 

11 

12 

.256 

.3670 

member 

12 

13 

.143 

.0960 

member 

13 

14 

.139 

.0860 

MEMBER 

14 

15 

.139 

.0680 

MEMeER 

lb 

16 

•  13Q 

.0860 

MEMBER 

lb 

17 

.139 

.0880 

member 

17 

16 

.139 

.0880 

member 

lb 

19 

.139 

.0880 

MEMBER 

19 

20 

•  143 

•  098  C 

MEMBER 

20 

21 

.256 

.3870 

member 

21 

22 

.194 

.3030 

member 

22 

23 

.194 

.3030 

member 

23 

24 

.  194 

.3030 

MEMEER 

24 

25 

.220 

.3500 

member 

25 

26 

.250 

.4040 

member 

26 

27 

.330 

.5500 

MEMBER 

27 

28 

.420 

2.3000 

MEMBER 

26 

29 

.574 

3.3700 

MEMBER 

29 

30 

♦  578 

3.7070 

member 

30 

1 

.352 

.6850 
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TABLE  27  (continued) 

RAMP  AREA  COEFr  IK  o  9AY  'iXTENPED 


UNIT 

2 

ME^eER 

area 

panel  thickness 

M£wb£R 

1 

31 

.339 

.0250 

MEMBER 

2 

32 

.627 

.0360 

MEVFER 

3 

33 

.621 

.0400 

MEMBER 

4 

34 

.493 

.0400 

member 

5 

35 

.830 

.0400 

MEMBER 

6 

36 

1.505 

.0400 

MEMBER 

7 

37 

.363 

.0400 

member 

6 

38 

.585 

.0400 

MEMBER 

9 

39 

.393 

.0400 

MEMBER 

1U 

40 

.052 

.0400 

MEMBER 

11 

41 

1.167 

.0000 

member 

12 

42 

.595 

,0320 

MEMBER 

13 

43 

.379 

.0320 

MEMBER 

14 

44 

.394 

.0320 

MEMBER 

15 

45 

.500 

.0560 

MEMBER 

16 

46 

.443 

.0560 

MEMBER 

17 

47 

.500 

.0320 

member 

16 

48 

.394 

.0320 

MEMBER 

19 

49 

.379 

.0320 

MEMBER 

20 

50 

.595 

.0000 

member 

21 

51 

1.059 

.0350 

MEMBEF 

22 

52 

•  U45 

.0350 

member 

23 

53 

.340 

.0350 

MEMBER 

24 

54 

•  504 

.0350 

MEMBER 

25 

55 

.316 

.0350 

member 

26 

56 

1.487 

.0400 

MEMBER 

27 

57 

.630 

.0400 

member 

26 

58 

.493 

.0400 

member 

29 

59 

.594 

.0320 

member 

30 

60 

.330 

.0250 

*0? 
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TABLE  27  (continued) 

RAMP  AREA  COEFF  IK  9  ^AY  EXTENDED 


UNIT 

5 

MEMBER 

area 

I 

MEMBER 

31 

32 

.643 

.2560 

MEMBER 

32 

33 

.598 

2.1930 

MEMBER 

33 

34 

.725 

1.3510 

MEMeER 

34 

35 

.590 

.6830 

member 

3b 

36 

.320 

1.8670 

MEMBER 

3b 

37 

.666 

1.5100 

MEMBER 

37 

36 

.480 

1.0000 

MEMBER 

36 

39 

.510 

1.4400 

MEMBER 

39 

40 

.530 

2.0200 

member 

40 

41 

.530 

2.0200 

MEMEER 

41 

42 

.168 

.0130 

member 

42 

43 

•  306 

.0130 

MEM3ER 

43 

44 

.327 

.0130 

member 

44 

45 

.334 

.0130 

member 

45 

46 

.243 

.0130 

MEMBER 

46 

47 

.343 

.0130 

member 

47 

43 

.334 

.0130 

MEMBER 

46 

49 

.337 

.0130 

MEMBER 

49 

50 

.  306 

.0130 

MEMBER 

50 

51 

.168 

.0130 

member 

51 

52 

.530 

2.0200 

MEMBER 

52 

52 

.530 

2.0200 

MEMBER 

53 

54 

.510 

1.4400 

MEMBER 

54 

55 

.460 

1.0000 

MEMBER 

55 

56 

•  668 

1.5100 

MEMBER 

56 

57 

.320 

1.8670 

member 

57 

58 

.590 

.6830 

MEMBER 

56 

59 

.725 

1.3510 

MEMBER 

59 

60 

•  598 

2. 1Q30 

member 

60 

31 

.543 

.1950 
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TABLE  27  (continued) 


RAVR  AREA  COEFF  IN  9  1AY  EXTENDEO 


UNIT  4 
MEMBER 


AREA  PANEL  THICKNESS 


member 

31 

61 

keeper 

32 

62 

member 

33 

63 

MEMBER 

34 

64 

MEMBER 

35 

65 

MEMBER 

36 

66 

MEMBER 

37 

67 

MEMBER 

36 

68 

MEMBER 

39 

69 

MEMBER 

40 

70 

MEMBER 

41 

71 

member 

42 

72 

MEMBER 

43 

73 

member 

44 

74 

MEMBER 

45 

75 

MEMBER 

46 

76 

member 

47 

77 

MEMBER 

48 

78 

MEMBER 

49 

79 

MEMBER 

50 

80 

MEMBER 

51 

81 

MEMBER 

52 

82 

MEMBER 

53 

83 

MEMBER 

54 

84 

MEMBER 

55 

85 

MEMBER 

56 

86 

MEMBER 

57 

07 

MEMBER 

58 

86 

MEMBER 

59 

89 

MEMBER 

60 

90 

.340 

.658 

.511 

.392 

.596 

.523 

.221 

•  426 
.584 
.114 

1.213 

.uoo 

•  000 
.000 
•  000 
.000 
.000 
.000 
•  000 
.000 

1 .098 
.114 
.585 
.426 
.365 
.50? 
.47? 
.392 
.511 
.377 


.0250 
.0320 
.0250 
.0250 
.0250 
.0250 
.0250 
.0250 
.0250 
.0250 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
•  0000 
.0000 
.0000 
.0250 
.0250 
.0250 
.0250 
.0250 
.0250 
.0250 
.0250 
,0320 
.0250 
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TABLE  27  (continued) 


RAMP  AREA  COEFF  IN  9  PAY 


UNIT 

5 

MEMBER 

MEMBER 

61 

62 

MEMBER 

62 

63 

memeer 

6o 

64 

MEMBER 

64 

65 

MEMBER 

65 

66 

MEMEER 

66 

67 

MEMBER 

67 

68 

MEMBER 

66 

6S 

MEMBER 

69 

70 

MEMBER 

70 

71 

MEMBER 

71 

72 

MEMBER 

72 

73 

MEMBER 

72 

74 

MEMBER 

74 

75 

MEMBER 

7b 

76 

member 

76 

77 

MEM3ER 

77 

78 

member 

78 

79 

MEMBER 

79 

80 

MEMBER 

80 

81 

MEM.SER 

81 

82 

MEMBER 

82 

83 

MEMBER 

83 

84 

member 

84 

85 

MEMBER 

85 

86 

MEMBER 

6b 

87 

MEMBER 

67 

86 

MEMBER 

86 

89 

MEMBER 

89 

90 

MEMBER 

90 

61 

EXTENCEO 

arla 

I 

.240 

.4900 

.400 

1.9600 

.360 

1.5500 

.227 

.6500 

.158 

.2700 

.152 

.2390 

.152 

.2390 

.152 

.2390 

.310 

1.5000 

.390 

1.8300 

-.000 

-.0000 

-.000 

-.0000 

-.000 

-.000" 

-.000 

-.0000 

.000 

.0000 

-.000 

-.0000 

.000 

.0000 

-.000 

-.0000 

•  OOP 

-.0000 

-.000 

-.0000 

.390 

1.8300 

.310 

1.5000 

.152 

.2390 

.152 

.2390 

.152 

.2390 

.158 

.2700 

.227 

.6500 

.  360 

1.5500 

.400 

1.9600 

.240 

.4900 
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TABLE  27  (continued) 

RAMP  AREA  COEFF  IN  9  PAY  EXTCNDED 


UNIT  6 


member 

AREA 

panel  thickness 

member 

61 

91 

•  340 

.0250 

member 

62 

92 

•  640 

.0320 

MEMBER 

63 

93 

.546 

.0250 

MEMBER 

64 

94 

•  431 

.0250 

MEMBER 

65 

95 

•  587 

.0250 

MEMBER 

66 

96 

.504 

.0250 

MEMBER 

67 

97 

.214 

.0250 

MEMBER 

66 

98 

•  426 

.0250 

MEMBER 

69 

99 

.754 

.0250 

MEMBER 

70 

100 

.312 

.0250 

member 

71 

101 

1.266 

.0000 

MEMBER 

72 

102 

.000 

.0000 

MEMBER 

73 

103 

.000 

.0000 

MEMBER 

74 

104 

•  000 

•0000 

MEMBER 

75 

105 

.000 

.0000 

member 

76 

106 

.000 

.0000 

MEMBER 

77 

107 

.000 

.0000 

MEMBER 

78 

108 

.000 

.0000 

MEMBER 

79 

109 

.000 

.0000 

MEMBER 

80 

110 

•  000 

.0000 

member 

81 

111 

1.143 

.0250 

MEMBER 

82 

112 

.353 

.0250 

MEMBER 

83 

113 

.754 

.0250 

MEMBER 

84 

114 

.426 

.0250 

member 

85 

115 

.349 

•  0250 

MEMBER 

86 

116 

.483 

.0250 

MEMBER 

87 

117 

.473 

.0250 

MEMBER 

88 

118 

.431 

.0250 

member 

89 

119 

.546 

.0320 

MEMBER 

90 

120 

.387 

.0250 
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TABLE  27  (continued) 

RAMP  AREA  COEFF  IN  9  BAY  EXTENDED 


UNIT  7 

member 

area 

I 

MEMBER 

91 

92 

•  240 

.5000 

MEMBER 

92 

93 

.365 

1.4400 

MEMBER 

93 

94 

.319 

1.1200 

MEMBER 

94 

95 

.240 

.6000 

MEMBER 

95 

96 

.290 

.6000 

MEMBER 

96 

97 

.340 

.6500 

MEMBER 

97 

98 

.316 

.6500 

member 

98 

99 

.360 

.6800 

MEMBER 

99 

100 

.380 

1.5000 

MEMBER 

100 

101 

.400 

2.5000 

MEMBER 

101 

102 

-.000 

-.0000 

MEMBER 

102 

103 

-.000 

-.0000 

MEMBER 

103 

104 

-.000 

-.0000 

MEMBER 

104 

105 

-.000 

-.0000 

MEMBER 

105 

106 

.000 

.0000 

MEMBER 

106 

107 

-.000 

-.0000 

member 

107 

108 

.000 

.0000 

MEMBER 

106 

109 

-.000 

-.0000 

MEMBER 

109 

110 

-.000 

-.0000 

MEMBER 

110 

111 

-.000 

-.0000 

MEMBER 

111 

112 

.400 

2.5000 

MEMBER 

112 

113 

.380 

1.5000 

MEMBER 

113 

114 

.360 

.6800 

MEMBER 

114 

115 

.316 

.6500 

MEMBER 

115 

116 

.340 

.6500 

MEMBER 

116 

117 

.280 

.6000 

member 

117 

118 

.240 

.6000 

member 

116 

119 

.319 

1.1200 

member 

119 

120 

.365 

1.4400 

MEMBER 

120 

91 

.240 

.5000 
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TABLE  27  (continued) 

RAMP  AREA  COEFF  IN  9  BAY  EXTENDEO 


UNIT 

6 

MEMBER 

AREA 

panel  thickness 

MEMBER 

91 

121 

.340 

.0250 

member 

92 

122 

.596 

•  0320 

MEMBER 

93 

123 

.560 

.0250 

MEMBER 

94 

124 

.446 

•  0250 

MEMBER 

95 

125 

.582 

•  0250 

MEMBER 

96 

126 

.498 

.  0250 

MEMBER 

97 

127 

.214 

.0250 

MEMBER 

98 

128 

.426 

.0250 

MEMBER 

99 

129 

.818 

.0250 

MEMBER 

100 

130 

.480 

.0250 

MEMBER 

101 

131 

1.366 

•  0000 

MEMBER 

102 

132 

.000 

.0000 

MEMBER 

103 

133 

.000 

.0000 

MEMBER 

104 

134 

•  000 

.0000 

MEMBER 

105 

135 

.000 

.0000 

MEMBER 

106 

136 

.000 

.0000 

MEMBER 

107 

137 

.000 

•  0000 

MEMBER 

108 

138 

.000 

.0000 

MEMBER 

109 

139 

.000 

,0000 

MEMBER 

110 

140 

•  000 

.0000 

MEMBER 

111 

141 

1.244 

.0250 

MEMBER 

112 

142 

.481 

.0250 

MEMBER 

113 

143 

•  818 

.0250 

MEMBER 

114 

144 

•  426 

.0250 

MEMBER 

115 

145 

.347 

•  0250 

MEMBER 

116 

146 

.477 

.0250 

MEMBER 

117 

147 

.469 

.0250 

MEMBER 

118 

148 

•  446 

.0250 

MEMBER 

119 

149 

•  560 

•  0320 

MEMBER 

120 

150 

•  386 

.0250 
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TABLE  27  (continued) 

RAMP  AREA  COEFF  IN  9  BAY  EXTENDED 


UNIT  9 

MEMBER 

AREA 

I 

MEMBER 

121 

122 

.290 

.9000 

MEMBER 

122 

123 

.370 

1.5700 

MEMBER 

123 

124 

•  324 

1.1600 

MEMBER 

124 

125 

.270 

.7500 

MEMBER 

125 

126 

.233 

.5600 

MEMBER 

126 

127 

.240 

.4000 

MEMBER 

127 

128 

.313 

.6000 

member 

128 

129 

.360 

.6200 

MEMBER 

129 

130 

.480 

1,5000 

MEMBER 

130 

131 

.490 

3.0000 

MEMBER 

131 

132 

-.000 

-.0000 

MEMBER 

132 

133 

-.000 

-.0000 

MEMBER 

133 

134 

-.000 

-.0000 

MEMBER 

134 

135 

-.000 

-.0000 

MEMBER 

135 

136 

.000 

.0000 

MEMBER 

136 

137 

-.000 

-.0000 

MEMBER 

137 

138 

-.000 

-.0000 

MEMBER 

138 

139 

.000 

.0000 

MEMBER 

139 

140 

-.000 

-.0000 

MEMBER 

140 

141 

-.000 

-.0000 

MEMBER 

141 

142 

.490 

3.0000 

MEMBER 

142 

143 

.480 

1.5000 

member 

143 

144 

.360 

.6200 

MEMBER 

144 

145 

.313 

.6000 

MEMBER 

145 

146 

.240 

.4000 

MEMBER 

146 

147 

.233 

.5600 

MEMBER 

147 

148 

.270 

.7500 

MEMBER 

148 

149 

.324 

1.1600 

MEMBER 

149 

150 

.370 

1.5700 

MEMBER 

150 

121 

.290 

.9000 
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TABLE  2?  (continued) 

RAMP  AREA  CCEFF  IN  9  RAY  EXTEND 


UNIT  10 


MEMBER 

AREA 

panel  thickness 

MEMBER 

121 

151 

.340 

-0250 

MEMBER 

122 

152 

.543 

.0320 

member 

123 

153 

.574 

.0250 

member 

124 

154 

.460 

.0250 

MEMBER 

125 

155 

.57e 

.0250 

member 

126 

156 

.510 

.0250 

MEMBER 

127 

157 

.214 

.0250 

MEMBER 

128 

158 

.426 

.0250 

MEMBER 

129 

159 

•  8i£ 

.0250 

member 

130 

160 

.667 

.0250 

member 

131 

161 

1.524 

.0000 

MEMBER 

132 

162 

.000 

.0000 

memeer 

133 

163 

*000 

.0000 

MEMBER 

134 

164 

.OQG 

.0000 

member 

135 

165 

.000 

.0000 

member 

136 

166 

.000 

.0000 

member 

137 

167 

.000 

.0000 

member 

138 

168 

.000 

.0000 

MEMBER 

139 

169 

.000 

.0000 

MEMBER 

140 

170 

.000 

.0000 

member 

141 

171 

1.406 

.0250 

member 

142 

172 

.664 

.0250 

member 

143 

173 

•8ie 

.0250 

member 

144 

174 

.426 

.0250 

member 

145 

175 

.355 

.0250 

member 

146 

176 

.480 

.0250 

member 

147 

177 

.466 

*0250 

member 

146 

178 

.430 

.0290 

MEMBER 

149 

179 

.594 

.0320 

MEMBER 

150 

180 

.386 

.0250 

213 
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TABLE  27  (continued) 


RAMP  AREA 

COEFF 

IN  9  BAY  EXTENDED 

UNIT 

11 

MEMBER 

AREA 

I 

MEMBER 

151 

152 

.860 

6. 4000 

ME.  ;BER 

152 

153 

.810 

6.6000 

MEMBER 

153 

154 

.875 

6.4000 

MEMBER 

154 

155 

.710 

3.9000 

MEMBER 

155 

156 

.670 

2.7200 

MEMBER 

156 

157 

•  660 

2.1800 

MEMBER 

157 

158 

.660 

2.1800 

MEMBER 

156 

159 

.660 

2.1800 

MEMBER 

159 

160 

.660 

2.1800 

MEMBER 

160 

161 

1.250 

4.7200 

MEMBER 

lbl 

162 

1.225 

5.0000 

member 

162 

163 

1.225 

5.0000 

MEMBER 

163 

164 

.850 

6.3800 

MEMBER 

164 

165 

.680 

6.1700 

MEMBER 

165 

166 

.680 

6.1700 

MEMBER 

166 

167 

.680 

6.1700 

MEMBER 

167 

168 

.680 

6.1700 

MEMBER 

168 

169 

.850 

6.3800 

MEMBER 

169 

170 

1.225 

5.0000 

MEMBER 

170 

171 

1.225 

5.0000 

MEMBER 

171 

172 

1.250 

4.7200 

MEMBER 

1*2 

173 

.660 

2.1800 

MEMBER 

173 

174 

.660 

2.1800 

MEMBER 

174 

175 

.660 

2.1800 

MEMBER 

175 

176 

*660 

2.1800 

MEMBER 

176 

177 

.670 

2.72C0 

MEMBER 

177 

178 

.710 

3.9000 

MEMBER 

176 

179 

=  875 

6.4000 

MEMBER 

179 

180 

.810 

6.6000 

MEMBER 

180 

151 

.860 

6*400- 

214 
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REPORT  NO.  SER  651195 


TABLE  27  (continued) 

RAMP  AREA  COEFF  IN  9  PAY  EXTENDED 


UNIT  12 


member 

area 

PANEL  thickness 

member 

151 

181 

•  232 

.0250 

MEMBER 

152 

182 

.367 

.0250 

member 

153 

183 

•  471 

.0250 

member 

154 

184 

.468 

.0250 

member 

155 

185 

.562 

.0250 

MEMBER 

156 

186 

.450 

.0250 

MEMBER 

157 

187 

.250 

.0320 

MEMBER 

158 

188 

.510 

.0320 

MEMBER 

159 

189 

.726 

.0240 

MEMBER 

160 

190 

.779 

.0240 

MEMBER 

161 

191 

.817 

.05r0 

MEMBER 

162 

192 

•  601 

.0400 

MEMBER 

163 

193 

.779 

.0400 

MEMBER 

164 

194 

.663 

.0250 

MEMBER 

165 

195 

.680 

.0250 

MEMBER 

166 

196 

.668 

.0250 

MEMBER 

167 

197 

.543 

.0250 

MEMBER 

168 

198 

.663 

.0400 

MEMBER 

169 

199 

.779 

.0400 

MEMBER 

170 

200 

.601 

.0500 

MEMBER 

171 

201 

.817 

.0240 

member 

172 

202 

i779 

.0240 

MEMBER 

173 

203 

.726 

•  0320 

MEMBER 

174 

204 

.510 

.0320 

MEMBER 

175 

205 

.250 

•  0250 

member 

.176 

206 

.427 

.0250 

MEMBER 

177 

207 

.569 

.0250 

MEMBER 

178 

208 

•  468 

,0250 

MEMBER 

179 

209 

.471 

.0250 

MEMBER 

160 

210 

.367 

.0250 

215 
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TABLE  27  (continued) 

RAMP  AREA  COEFF  IN  9  BAY  EXTENDED 


UNIT 

13 

MEMBER 

AREA 

I 

member 

181 

182 

.290 

1.6000 

MEMBER 

182 

183 

.290 

1.6000 

MEMBER 

183 

184 

.297 

1.6250 

MEMBER 

184 

185 

.320 

.9200 

MEMBER 

185 

186 

.375 

.8000 

MEMBER 

186 

187 

.325 

.6000 

MEMBER 

187 

166 

.310 

.5900 

MEMBER 

188 

189 

.310 

.5900 

MEMBER 

189 

190 

.275 

.7700 

MEMBER 

190 

191 

1.075 

3.2600 

MEMBER 

191 

-92 

1.800 

5.6700 

MEMBER 

192 

193 

1.150 

6.6000 

MEMBER 

193 

194 

.900 

8.6000 

MEMBER 

194 

195 

.875 

9.3000 

MEMBER 

195 

196 

.890 

9.7600 

MEMBER 

196 

197 

.690 

9.7600 

MEMBER 

197 

198 

.875 

9.3000 

MEMBER 

196 

199 

.900 

8.6000 

MEMBER 

199 

200 

1.150 

6.6000 

MEMBER 

200 

201 

1.800 

5.6700 

MEMBER 

201 

202 

1.075 

3.2600 

MEMBER 

202 

203 

.375 

.7700 

MEMBER 

203 

204 

.310 

.5900 

MEMBER 

204 

205 

.310 

.5900 

MEMBER 

205 

206 

.325 

.6000 

MEMBER 

206 

207 

.375 

.8000 

MEMBER 

207 

206 

.320 

.9200 

MEMBER 

208 

209 

.320 

1.9000 

MEMBER 

209 

210 

.290 

1.6000 

MEMBER 

210 

181 

.290 

1.6000 
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TABLE  2?  (continued) 


RAMP  AREA  COEFF  IN  9  RAY  EXTENDED 


UNIT  14 


member 

area 

panel  thickness 

MEMBER 

181 

211 

.232 

.0250 

MEMBER 

132 

212 

.367 

.0250 

MEMBER 

183 

213 

.471 

.0250 

MEMBER 

184 

214 

.468 

.0250 

member 

185 

215 

.56? 

.0250 

member 

186 

216 

.471 

.0320 

MEMBER 

187 

217 

.175 

.0000 

member 

188 

218 

.000 

.0000 

MEMBER 

189 

219 

.423 

.0300 

MEMBER 

190 

220 

•  888 

.0290 

member 

191 

221 

.782 

.0500 

member 

192 

222 

.559 

,0400 

member 

193 

223 

.722 

•  040C 

member 

194 

224 

•  606 

.0250 

member 

195 

225 

.623 

.0250 

member 

196 

226 

.611 

.0250 

member 

197 

227 

.486 

.0250 

MEMBER 

198 

228 

.606 

.0400 

MEMBER 

199 

229 

.722 

.0400 

member 

200 

230 

♦  559 

•  0500 

MEMBER 

201 

231 

.782 

.0290 

MEMBER 

202 

232 

•  888 

.0300 

member 

203 

233 

.423 

.0000 

MEMBER 

204 

234 

.000 

.0000 

member 

205 

235 

.175 

.0320 

MEMBER 

206 

236 

.448 

.0250 

MEMBER 

207 

237 

.569 

.0250 

MEMBER 

208 

238 

•  468 

.0250 

MEMPER 

209 

239 

.471 

.0250 

MEMBER 

210 

240 

.367 

.0250 

217 
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REPORT  NO.  SER  651195 


TABLE  27  (continued) 


RAMP  AREA 

COEFF 

IN  9  RAY  EXTENDED 

UNIT 

15 

member 

AREA 

I 

MEMBER 

211 

212 

.290 

1.6000 

member 

212 

213 

.290 

1.6000 

MEMBER 

213 

214 

.297 

1.625C 

MEMBER 

214 

215 

.320 

.9200 

MEMBER 

215 

216 

.375 

.8000 

MEMBER 

216 

217 

.325 

.6000 

MEMBER 

217 

218 

.310 

.5900 

MEMBER 

218 

219 

.310 

.5900 

MEMBER 

219 

220 

.375 

.7700 

MEMBER 

220 

221 

1.075 

3.2600 

MEMBER 

221 

222 

1.800 

5.6700 

MEMBER 

222 

223 

1.150 

6.6000 

MEMBER 

223 

224 

.900 

8.6000 

MEMBER 

224 

225 

.875 

9.3000 

member 

225 

226 

.890 

9.7600 

member 

226 

227 

.890 

9.7600 

MEMBER 

227 

228 

.875 

9.3000 

MEMBER 

228 

229 

.900 

8.6000 

MEMBER 

229 

230 

1.150 

6.6000 

MEMBER 

230 

231 

1.600 

5.6700 

MEMBER 

231 

232 

1.075 

3.2600 

MEMBER 

232 

233 

.375 

.7700 

member 

233 

234 

.310 

.5900 

MEMBER 

234 

235 

.310 

.5900 

MEMBER 

235 

236 

.325 

.6000 

MEMBER 

236 

237 

.375 

.8000 

MEMBER 

237 

238 

.320 

.9200 

MEMBER 

236 

239 

.320 

1.9000 

MEK8ER 

239 

240 

.290 

1.60Q0 

MEMBER 

240 

211 

.290 

1.6000 

21« 
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REPORT  MO.  SER  651195 


TABLE  27  (continued) 

RAMP  AREA  COEFF  IN  9  BAY  EXTENDED 


UNIT  16 


MEMBER 

AREA 

panel  thickness 

member 

211 

241 

•  23? 

.0250 

MEMBER 

212 

242 

.367 

.0250 

MEMBER 

213 

243 

.471 

.0250 

MEMBER 

214 

244 

•  468 

.0250 

member 

215 

245 

.562 

.0250 

member 

216 

246 

.450 

.0250 

member 

217 

247 

.250 

.0320 

MEMBER 

218 

248 

.510 

.0320 

MEMBER 

219 

249 

.732 

.0250 

MEMBER 

220 

250 

.821 

.0270 

MEMBER 

221 

251 

.590 

.0250 

member 

222 

252 

.387 

.0250 

MEMBER 

223 

253 

.527 

.0250 

member 

224 

254 

.509 

.0250 

MEMBER 

225 

255 

.623 

.0250 

MEMBER 

226 

256 

.611 

.0250 

MEMBER 

227 

257 

.486 

.0250 

MEMBER 

228 

256 

.509 

.0250 

member 

229 

259 

.527 

.0250 

MEMBER 

230 

260 

.387 

.0250 

MEMBER 

231 

261 

.590 

.0270 

MEMBER 

232 

262 

•  821 

.0250 

MEMBER 

233 

263 

.732 

.0320 

MEMBER 

234 

264 

.510 

.0320 

MEMBER 

235 

265 

•  250 

.0250 

MEMBER 

23b 

266 

.427 

.0250 

MEMBER 

237 

267 

.569 

.0250 

MEMBER 

238 

268 

•  466 

.0250 

MEMBER 

239 

269 

.471 

•  0250 

member 

240 

270 

.367 

.0250 

219 
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REPORT  NO.  SER  651195 


TABLE  27  (continued) 

RA NP  AREA  COEFF  IN  9  BAY  EXTENDED 


UNIT 

17 

MEMBER 

AREA 

1 

MEMBER 

241 

242 

.345 

?  .  '00 

MEMBER 

242 

243 

.345 

2.  /*00 

MEMBER 

243 

244 

.400 

2.4500 

MEMBER 

.'44 

245 

.384 

1.2100 

MEMBER 

2  5 

246 

.450 

1.0500 

MEMBER 

24  S 

247 

.369 

.7400 

MEMBER 

24*i 

248 

.369 

.7400 

member 

248 

249 

.369 

.7400 

member 

249 

250 

.510 

1.0770 

member 

250 

251 

1.075 

3.2600 

member 

251 

252 

1.600 

5.6700 

member 

252 

253 

1.150 

6.6000 

member 

253 

254 

.920 

8.5000 

member 

254 

255 

.900 

9.6000 

member 

255 

256 

.890 

9.6000 

member 

256 

257 

.890 

9.6000 

MEM3ER 

257 

258 

.900 

9.6000 

MEMBER 

258 

259 

.920 

e.5000 

MEMBER 

259 

260 

1.150 

6.6000 

MEMBER 

260 

261 

1.000 

5.6700 

MEMBER 

261 

262 

1.075 

3.2600 

MEMBER 

262 

263 

.510 

1.0770 

MEMBER 

263 

264 

.369 

.7400 

MEMBER 

264 

265 

.369 

.7400 

member 

265 

266 

.369 

.7400 

MEMBER 

266 

267 

.450 

1.0500 

MEMBER 

267 

268 

.384 

1.2100 

MEMBER 

266 

269 

.400 

2.4500 

MEMBER 

269 

270 

.345 

2.0700 

MEMBER 

270 

241 

.345 

2.0700 

220 
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REPORT  NO.  SER  651195 


TABLE  27  (continued) 

RAMP  AREA  COEFF  IN  9  BAY  EXTENDED 


UNIT  18 


MEMBER 

AREA 

panel  THICKNESS 

MEMBER 

241 

271 

.232 

.0250 

MEMBER 

242 

272 

.367 

.0250 

MEMBER 

243 

273 

.471 

.0250 

MEMBER 

244 

274 

.468 

.0250 

MEMBER 

245 

275 

.562 

.0250 

MEMBER 

246 

276 

.450 

.0250 

MEMBER 

247 

277 

•  229 

.0250 

MEMBER 

248 

278 

.426 

.0250 

MEMBER 

249 

279 

•  669 

.0250 

MEMBER 

250 

280 

.821 

.0270 

MEMBER 

251 

281 

.590 

.0250 

member 

252 

282 

.387 

.0250 

member 

253 

283 

.527 

.0250 

member 

254 

284 

.509 

.0250 

member 

255 

285 

.623 

.0250 

member 

256 

286 

.611 

.0250 

MEMBER 

257 

287 

.486 

.0250 

member 

258 

288 

.509 

.0250 

MEMBER 

259 

289 

.527 

.0250 

MEMBER 

260 

290 

.387 

•  0250 

MEMBER 

261 

291 

.590 

.0270 

MEMBER 

262 

292 

.821 

.0250 

MEMBER 

263 

293 

.669 

•  0250 

MEMBER 

264 

294 

.426 

.0250 

MEMBER 

265 

295 

.229 

.0250 

MEMBER 

266 

296 

.427 

.0250 

MEMBER 

267 

297 

.569 

.0250 

MEMBER 

268 

298 

•  468 

.0250 

MEMBER 

269 

299 

.471 

•  0250 

MEMBER 

270 

300 

.367 

.0250 

221 
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REPORT  NO.  SER  651195 


TABLE  27  (continued) 

RAMP  AREA  COEFF  IN  9  BAY  EXTENDED 


UNIT  19 
MEMBER 


MEMBER  271  272 
MEMBER  272  273 
MEMBER  273  274 
MEMBER  274  275 
MEMBER  275  276 
MEMBER  276  277 
MEMBER  277  278 
MEMBER  270  279 
MEMBER  279  280 
MEMBER  280  281 
MEMBER  281  282 
MEMBER  282  283 
MEMBER  283  284 
MEMBER  284  285 
MEMBER  285  286 
MEMBER  286  287 
MEMBER  287  288 
MEMBER  288  289 
MEMBER  289  290 
MEMBER  290  291 
MEMBER  291  292 
MEMBER  292  293 
MEMBER  293  294 
MEMBER  294  295 
MEMBER  295  296 
MEMBER  296  297 
MEMBER  297  298 
MEMBER  298  299 
MEMBER  299  300 
MEMBER  300  271 


AREA 

I 

1.113 

33.8200 

1.113 

33.8200 

1.767 

43.8500 

2.470 

40.5000 

2.220 

14.7500 

2.280 

20.1700 

2.600 

26.0000 

3.530 

36.8300 

4,890 

53.1600 

6.870 

159.3000 

5.480 

128.6000 

4.910 

39.3000 

2.700 

32.7000 

1.546 

20.5800 

1.450 

19.3700 

1.470 

18.9600 

1.570 

21.5900 

2.700 

32.7000 

4.910 

30.3000 

5.480 

128.6000 

6.870 

159.3000 

4.890 

53.1600 

3.530 

36.8300 

2.600 

26.00CT 

2.280 

20.1700 

2.220 

14.7500 

2.470 

40.5000 

1.767 

45.0000 

1.113 

33.8200 

1.113 

33.8200 

222 
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Sikorsky  Plrcraft 
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REPORT  NO.  SER  651195 


TABLE  .29 
FRAN  PHASE  II 

APPENDAGE  MASS  DATA  SUMMARY  CH-53A 


# 


ADAPTER  AND 

PARAMETER 

LOWER  PLATE 

SHAKER 

MAIN  GEAR 
-BOX  HOUSING 


WEIGHT, 

,  (LBS) 

54l. 

1+10. 

601. 

X 

eg. 

F.  STA. 

336.3 

336.0 

339.8 

Y 

eg 

F.  B.L. 

0. 

0. 

0. 

Z 

eg 

F.  W.L. 

O 

257.0 

264.0 

207.8 

Xox’ 

LB.  IN 

p 

56,951+. 

24,860. 

134,408. 

Ioy 

LB.  IN 

p 

125,301. 

7,946. 

134,408. 

Xoz’ 

LB.  nr 

182,831. 

16,914. 

180,025. 

MAIN  GEAR 

TAIL 

PARAMETER 

-BOX  BALLAST 

BALLAST 

NOSE  BALLAST 

WEIGHT 

,  (LBS) 

4.570. 

1,500. 

3,300. 

X  , 
eg 

F.  STA. 

338.8 

758. 

110. 

V 

F.  B.L. 

0. 

0. 

0. 

z  , 

eg 

F.  W.L. 

P 

230. 

186.4 

CO 

Xox* 

V  • 

LB.  IN 

LB.  IN2 
? 

384,000. 

2,700,000. 

151,200. 

62,900. 

845,000. 

905,000. 

LB.  IN 

2,920,000. 

195,200. 

1,700,000. 

224 
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Sikorsky  Aircraft 


REPORT  NO.  SER  651195 


TABLE  30 

PHASE  II  EIGHTEEN  BAY  DEGREE  OF  FREEDOM  MODEL  RIGID  BALLAST 

MASS  MATRIX 


O.o. F, 

MASS 

1 

9.4460 

4 

15.6400 

160 

.3633 

6 

4.3600 

6 

15.8400 

9 

15.8400 

10 

4390.0000 

11 

4.5420 

13 

1.1718 

190 

.3633 

18 

5334.0000 

21 

1377.0000 

191 

567.0000 

23 

577.0000 

26 

1584,9999 

28 

42.0000 

31 

1226.0000 

193 

458.0000 

36 

.6129 

37 

.0346 

40 

.0367 

43 

.0475 

4b 

.0856 

48 

.0858 

51 

,0441 

54 

,0641 

57 

.1535 

60 

.1535 

63 

.1100 

66 

.1100 

67 

.0392 

70 

.0523 

73 

.8351 

75 

.1295 

78 

.1167 

61 

,1709 

84 

.0934 

67 

,1535 

90 

.1101 

92 

,0785 

95 

.1041 

9.O.F. 

MASS 

2 

1.1718 

-0 

-.0000 

5 

.3739 

7 

10.8020 

-0 

-.0000 

-0 

-.0000 

-0 

-.0000 

12 

9.4460 

14 

.7264 

16 

.3739 

19 

2440.0000 

138 

935.0000 

22 

263.0000 

24 

4886.0000 

27 

10600.9999 

29 

252.0000 

32 

1096.9999 

34 

274.0000 

-0 

-.0000 

36 

.0346 

41 

.0367 

44 

.0475 

46 

.0412 

49 

.1709 

52 

.1709 

55 

.0641 

58 

.0503 

61 

.0357 

64 

.0551 

-0 

-.0000 

66 

.0392 

71 

.0523 

74 

1.4396 

76 

.1167 

79 

.1709 

62 

.0934 

85 

.1535 

88 

.0714 

91 

.1100 

93 

.1041 

96 

.8351 

D.O.F. 

MASS 

3 

.8784 

-0 

-.0000 

-0 

-.0000 

-0 

-.0000 

-0 

-.0000 

-0 

-.0000 

-0 

—.0000 

-0 

-.0000 

15 

.4572 

17 

4,3600 

20 

2155.0000 

-0 

-.0000 

-0 

-.0000 

25 

1215.9999 

139 

1175.9999 

30 

5025.0000 

33 

626.0000 

35 

579.0000 

-0 

-.0000 

39 

.061f 

42 

.0618 

-0 

-.0000 

47 

.0412 

50 

.0441 

53 

.0934 

56 

.0934 

59 

.0503 

62 

.0357 

65 

.0551 

-0 

-.0000 

69 

.1041 

72 

.1045 

-0 

-.0000 

77 

.1193 

80 

.0882 

63 

.1282 

86 

.1005 

89 

.1100 

-0 

-.0000 

94 

.1045 

-0 

-.0000 
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TABLE  30  (continued) 


D.O.F. 

MASS 

3  •  0  •  F . 

MASS 

D.O.F. 

MASS 

97 

.3079 

137 

.8351 

-0 

-.0000 

98 

.0693 

99 

.0327 

100 

.0291 

101 

.0735 

102 

.0291 

103 

,o:.>7 

104 

,0949 

105 

.0443 

-0 

-.0000 

106 

.0416 

107 

.0825 

106 

.0416 

109 

.0443 

110 

.1164 

111 

.0392 

112 

.0882 

113 

.0392 

114 

.1164 

115 

.0466 

116 

.0468 

117 

.1282 

118 

•  0468 

119 

.0466 

120 

.1001 

121 

.0534 

122 

.1005 

123 

.0534 

124 

.1001 

125 

.0714 

126 

.0551 

127 

.0570 

128 

.1101 

129 

.0570 

130 

.0531 

-0 

-.0000 

-0 

-.0000 

131 

.0785 

132 

.0563 

133 

.0479 

134 

.1045 

135 

.0479 

136 

.0563 

140 

391.0000 

-0 

-.0000 

-0 

-.0000 

141 

2531.0000 

142 

1351.0000 

143 

1188.9999 

144 

.0629 

145 

.0629 

146 

.0938 

147 

•  0890 

146 

.0690 

149 

.0938 

150 

.0350 

151 

.0350 

15? 

.0706 

153 

.0529 

154 

.0529 

155 

.0706 

156 

.0610 

157 

.0610 

158 

.2415 

159 

.2415 

-0 

-.0000 

-0 

*  .0000 

161 

.1259 

162 

.0938 

163 

.1781 

164 

.0938 

165 

.0700 

166 

.0706 

167 

.1057 

168 

.0706 

16° 

.1220 

170 

.2415 

171 

.2415 

-0 

-.0000 

172 

.5453 

-0 

-.0000 

-0 

-.0000 

173 

1 1259 

174 

.0558 

175 

.0379 

176 

.1781 

177 

.0379 

178 

.0558 

179 

.0700 

180 

.0369 

181 

.0337 

182 

.1057 

183 

.0337 

184 

.0369 

185 

.1220 

166 

.1410 

167 

-.0000 

168 

-.0000 

169 

.1410 

-r 

-.0000 

192 

155.0000 

-0 

-.0000 

-r 

-.0000 

194 

.6147 

195 

.6147 

196 

.0147 

197 

5o4.625 

196 

217,6700 

190 

9515.0000 
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TABLE  31 

FINAL  CONFIGURATION  EIGHTEEN  BAY  FLEXIBLE  NOSE  AND  TAIL  BALLAST 
MODEL  MASS  MATRIX 


D.O.F. 

MASS 

D.O.F. 

MASS 

D.O.F  . 

MASS 

1 

5.2165 

2 

1.1718 

3 

.8784 

4 

15,8400 

-0 

-.0000 

-0 

-.0000 

36 

.6129 

-0 

-.0000 

-0 

-.0000 

160 

.3633 

5 

.3739 

-0 

-.0000 

6 

.4715 

7 

10*8020 

-0 

-.0000 

8 

15.8400 

-0 

-.0000 

-0 

-.0000 

9 

15.8400 

-0 

-.0000 

-0 

-.0000 

10 

4390.0000 

-c 

-.0000 

-0 

-.0000 

u 

i  8585 

12 

9.4460 

-0 

-.0000 

13 

1.1718 

±4 

.8788 

15 

3.8900 

190 

.3633 

16 

.3739 

17 

4.3600 

18 

5334.0000 

19 

2440.0000 

20 

2614.0000 

21 

3.8900 

138 

1853.0000 

-0 

-.0000 

191 

567.0000 

22 

263.0000 

-0 

-.0000 

23 

577.0000 

24 

3343.0000 

25 

1215.9999 

26 

1584.9999 

27 

10600.9999 

139 

1175.9999 

28 

145.0000 

29 

66.0000 

30 

5025.0000 

31 

1228.0000 

32 

1549.9999 

33 

163.0000 

193 

595.0000 

34 

4.2300 

“5 

716.0000 

37 

.0346 

38 

.0346 

39 

.0618 

40 

.0367 

41 

.0367 

42 

.0618 

43 

.0475 

44 

.0475 

-0 

-.0000 

45 

.0858 

46 

.0412 

47 

.0412 

48 

.0858 

49 

.1709 

53 

.0441 

51 

.0441 

52 

.1709 

53 

.0934 

54 

,0641 

55 

.0641 

56 

.0934 

57 

,1535 

56 

.0503 

59 

.0503 

60 

.1535 

61 

.0357 

62 

.0357 

63 

.1100 

64 

.0551 

65 

.0551 

66 

.1100 

-0 

-.0000 

-0 

-.0000 

67 

.0392 

68 

.0392 

69 

.1041 

70 

.0523 

71 

.0523 

72 

.1045 

73 

.8351 

74 

1.4396 

-0 

-.0000 

7b 

.1295 

76 

.1167 

77 

.1193 

78 

.1167 

79 

.1709 

80 

.0882 

81 

.1709 

82 

.0934 

83 

.1282 

84 

.0934 

85 

.1535 

86 

.1005 

87 

.1535 

88 

.0714 

89 

.1100 

90 

.1101 

91 

.1100 

-0 

-.0000 

92 

.0785 

93 

.1041 

94 

.1045 

95 

.1041 

96 

.8351 

-0 

-.0000 
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TABLE  31  (continued) 


D.O.F. 

MASS 

D.O.F 

97 

.6127 

137 

98 

.0693 

99 

101 

.0735 

102 

104 

.0949 

105 

106 

.0416 

107 

109 

.0443 

110 

112 

.0682 

113 

lib 

.0466 

116 

118 

.0468 

119 

121 

.0534 

122 

124 

.1001 

125 

127 

.0570 

126 

130 

.0531 

-0 

131 

.8785 

132 

134 

.1045 

135 

140 

930.0000 

-0 

141 

2531.0000 

142 

144 

.0629 

145 

147 

.0890 

148 

150 

.0350 

151 

153 

.0529 

tS4 

156 

.0610 

157 

159 

.2415 

-0 

161 

.1259 

162 

164 

.0938 

lo5 

167 

.1057 

166 

170 

.2415 

171 

172 

.5453 

-0 

173 

.1259 

174 

176 

.1781 

177 

179 

.07^0 

180 

182 

.1057 

163 

165 

.1220 

1C6 

168 

-.0000 

139 

192 

176.0000 

-0 

194 

.6147 

19*- 

197 

564.6250 

19c 

MASS 

D.O.F. 

MASS 

*8351 

-0 

-.0000 

.0327 

100 

•  0291 

.0291 

103 

.0327 

.0443 

-0 

-.0000 

.0825 

108 

.0416 

.1164 

111 

.0392 

.0392 

114 

.1164 

.0468 

117 

.1282 

.0466 

120 

.1001 

.1005 

123 

.0534 

.0714 

126 

.0551 

.1101 

129 

.0570 

-.0000 

-0 

-.0000 

.0563 

133 

.0479 

.0479 

136 

.0563 

-.0000 

-0 

->.0000 

1351.0000 

143 

1188.9999 

.0629 

146 

.0936 

.0890 

149 

.0938 

.0350 

.0706 

.0529 

153 

.0706 

.0610 

158 

.2415 

-.0000 

-0 

-.0000 

.0938 

163 

.1781 

.0700 

166 

.0706 

.0706 

169 

.1220 

.2415 

-0 

-.0000 

-.0000 

-0 

-.0000 

.0558 

175 

.0379 

.0379 

178 

.0558 

.0369 

181 

.0337 

.0337 

184 

.0369 

.1410 

187 

-.0000 

.1410 

-0 

-.0000 

-.0000 

-0 

-.0000 

.6147 

196 

.6147 

217.6700 

199 

9315.0000 
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W&3Z-,- 

PHASE  XI  CORRELATION  SUMMARY 

VERTICAL /PITCH  MODES 


MODE 

Test 

Analysis 

Error 

Shape 

1st  Vertical  Bending 

kko 

U38 

0% 

E 

Transmission  Pitch 

ihQ 

751 

1.53C 

G 

Nose  Block  Vertical/ 
Transmission  Pitch 

970 

933 

>4* 

G 

Nose  Block  Vertical 

1050 

•*0*43 

if 

F 

Second  Vertical 

1290 

1523 

nf 

F 

Transmission  Vertical/ 

Ramp  Vertical 

1425 

1563 

10% 

F/G 

Ramp  Vertical 

1640 

1394 

lSf 

P 

LATERAL/TOBSION  MODES 


1st  Lateral  Bending 

615 

659 

7 

Forward  Cabin  Lateral 

840 

735 

12 

Nose  Block  Lateral 

930 

85S 

8 

Forward  Cabin  Lateral/ 

Nose  Block  Lateral 

990 

1105 

12 

Torsion 

1310 

1601 

23 

